Confirmation Review Criteria

1. Do the Mission Design, Spacecraft and Instrument Design, as presented at PDR
reflect a PDR level design that meets science requirements?

Have all requirements been allocated in the design presented at PDR?
Are all system and subsystem requirements documented?
Are all system level trades studies complete?
Has the system architecture been established and all external interfaces
identified?
Are the interface definitions at the PDR level?
What is the design heritage of the spacecraft systems and instruments?
Are the launch vehicle interfaces defined?
Are the maneuver and ephemeris data at PDR level?
Is the mission design team in place?
Is there a baseline trajectory defined?
Does the mission design support the science goals?
Does the design of the scientific instruments provide data to meet the scientific
goals?
. Are the interfaces to the instruments well designed?
Is there a Mission Operations Plan documented?
Is the mission operations concept supported be design choices?
Does the mission concept permit a smooth transition from initial operations and
on-orbit checkout to subsequent mature operations?
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2. Are the Management Processes used sufficient to develop and operate the
Mission?

What is the systems engineering and management approach?

Does the project have a complete WBS?

Are the tasks for each WBS defined at a PDR level?

Are the receivable/deliverables defined for each task at a PDR level?

Is there a project management system in place or planned that tracks the status
of each task and deliverables?

Are the organizations involved using a common project management system?
Are the descope plans unchanged from the Step 2 proposals?

Has the project quantified the potential cost, mass and schedule impacts/
improvements for each descope option?

I. Have decision points for descope options been identified or defined?

j.  Are the risks defined at the mission level?

k. Is there a process defined to gather and assess risks?
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Are the impacts in terms of schedule, mass, and cost identified for each risk
item?

. Are backup or mitigation plans identified for each risk?

a. n Are decision points identified for risk items?
Are the mitigation plans realistic and do they result in a viable descoped mission?
Are agreements in place for use of facilities for testing? Do the schedule windows
permit flexibility?
What is the experience in the last 10 years of key project personnel?
Are the roles and responsibilities of each organization clearly define?
What oversight/ insight is being used by GSFC in their areas of responsibility?
How have changes from the step 2 proposal been recognized in management,
technical, cost and schedule impact/ How have they been resolved?
What changes to standard processes are being made to accomplish a "smaller,
faster, cheaper mission”
How are the large number of participants/ instruments being accommodated/
managed?
Is there a intersite delivery plan or matrix?

3. Do cost estimates, control processes, and schedule indicate the mission will
be ready to launch on time and within budget?

a.
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What is included in the project budget and what is covered elsewhere?

For items covered outside the project budget, is there sufficient budget planned?
Could the project cover shortfalls for these items with the project budget?

Does the cost analysis indicate the mission will stay within the project budge?
How does the current cost estimate and burn rate compare to the baseline?

Are the cost reserves sufficient to deal with potential risks?

What cost and schedule monitoring and control processes are in place?

Is earned value being used? Across the project or within some organizations?
How are the program cost caps reflected in contracts and allocated?
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— Science Overview

SCIENCE OVERVIEW

Chuck Bennett
P.I.
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— Science Overview

« Goddard « NRAO
— C. Bennett, P.I. — E. Wollack
— G. Hinshaw « U. Chicago
— J. Mather — S. Meyer

* Princeton « U. British Columbia
University — M. Halpemn
- N.Jgrosik « SAO
— M. Limon — G. Tucker
— L. Page
_ D. Spergel « UCLA
— D. Wilkinson - E. L. Wright

Co-l
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ﬁm SCIENCE QUESTIONS

— Science Overview

* How did structures of galaxies form in the universe?

o What are the values of the key parameters of the universe?

e When did the first galaxies form?
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“» ISOTROPY OF THE COSMIC
MICROWAVE BACKGROUND

— Science Overview
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ﬂ | WHAT THE BIG BANG THEORY
DOES NOT EXPLAIN!

— Science Overview

« THEFLATNESS PROBLEM

« THEHORIZON PROBLEM

« THE STRUCTURE PROBLEM
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“ MASSDENSITY / GEOMETRY
OF THE UNIVERSE

— Science Overview

W, >1

W, <1

Flat Geometry
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SN  THE FLATNESS PROBLEM

— Science Overview

Why isthe universe anywhere close to W, = 1 now?
W, = 1 isan unstable stationary point.

Density 1 ns after BB

Scale Factor aft)
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SN  THE HORIZON PROBLEM

— Science Overview

Why is the cosmic microwave background
temperature so uniform on scales >2°7?

‘ T,=T,+ 0O(10°) ‘

D >> C/Ho
q>>2°
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“» INFLATIONARY BIG BANG
VS. STANDARD BIG BANG

— Science Overview
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INFLATE TO
LOCALLY FLAT SPACE

— Science Overview
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PPN COSMIC HISTORY

— Science Overview

Biy Bang

GIB Spectrum Five

padiation = Matte,
Energy
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Nw THE STRUCTURE PROBLEM

— Science Overview

Smooth 3 K
cosmic microwave
background radiation

Clumpy distribution
of galaxies
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— Science Overview

DARK MATTER
TAXONOMY

baryonic
(normal)

'

atoms

molecules
dust

black olives

planets
dwarf stars

stellar remnants
black holes
missing socks
coffee

Confirmation Review 17 - 19 June 1997
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axion

non-baryonic
(exotic)

heavy neutrino light
lightest supersymmetric particle
(e.g., sneutrino, gluino, axino,

neutrino

photino, gravitino, neutralino)
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COBE RESULTS

— Science Overview

Deployable Sun, Earth,
* RF/Thermal Shield .

WHAT s
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L EARN FROM
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SPECTRUM OF THE COSMIC
MICROWAVE BACKGROUND

s

— Science Overview
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Nm WHAT DID/DIDN’'T WE
L EARN FROM COBE

— Science Overview

« DID LEARN FROM COBE (7° resolution map)

— blackbody spectrum: further strong support for Big Bang Theory

— 1st detection of anisotropy supports gravity as prime force, assuming most matter in
the universe is nonbaryonic dark matter

— matter clustering pattern on large scales (consistent with inflation prediction)

. DIDN'T LEARN FROM COBE (<0.3° resolution map)

— What is the mechanism of stucture formation?
» gpace-time defects? explosions? non-gravitational effects? other exotica?
 detailed tests of inflation
— What are the key parameters of cosmology?
» open or closed universe?; zero cosmological constant?; Hubble constant?
* how much baryonic & nonbaryonic dark matter?;, “hot” or “cold” dark matter?
— When did the first stars and galaxies form?
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PHOTON-BARYON FLUID
ACOUSTIC OSCILLATIONS

&4

— Science Overview

Gravity triesto
make the matter fall

Into potential wells Potential

Radiation pressure Well

pushes back

Oscillations result

z=1000 recombination

ObSerV or ence Overview - 17

Confirmation Review 17 - 19 Jur



“ MODEL POWER SPECTRA
VS. REQUIREMENTS

— Science Overview
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CURRENT CMB POWER
SPECTRUM MEASUREMENTS

s

— Science Overview
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Nw PHOTON-BARYON OSCILLATOR

r_es’[scéchfﬁvérVi'?Norce: radiation pressure (r ) ) oscillator Idm
Mass: baryon density (r ) (ry,/ rg) b V\@hz

driving force:
primordial gravity fluctuations (inflationary parameters)
amplified by the nonbaryonic & baryonic dark matter
Inflation: baryons amplify odd peaks, suppress even peaks
Isocurvature: baryons amplify even peaks, suppress odd peaks

MDM supresses heights of 2nd, 3rd, etc. peaks
self-gravity of the fluid » W,h?

damping force: baryon drag (r )
projection effects: w, L,
evolution of the grav potential (Wyh?) P H,
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— Science Overview

REIONIZATION
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&l GEOMETRY OF THE UNIVERSE

— Science Overview

0,h?=0.25 0,h*=0.0125
Lol L1l 1
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— Science Overview

HOW MUCH BARYONIC

(NORMAL) MATTER?

- {a) O, h* Dependenc
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HWAAE®  THEHUBBLE CONSTANT:

EXPANSION RATE OF THE UNIVERSE 4

— Science Overview
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“” COSMOLOGICAL
PARAMETER DETERMINATION

— Science Overview
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— Science Overview

* map of cosmic microwave background temperature
— >95% sky coverage
— angular resolution <0.3°
— polarization sensitive

e rmssengitivity of 20 uK for 0.3°x 0.3° pixels
e rmssystematic errors< 4.5 UK
* rms calibration accuracy <1% (from sky observations)
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Nm MINIMUM SCIENCE MISSION

— Science Overview

» Science Definition
— determine cosmological parameters to:
5% (Baseline Mission)
20% (Minimum Science Mission)

« Engineering Definition
— reduction of sengitivity at any or all frequencies
— reduction in number of frequencies from 5 to no fewer than 3

 Two Examples
— al radiometer sensitivities degraded by a factor of 1.8
— al 90 GHz radiometers eliminated

Confirmation Review 17 - 19 June 1997 Science Overview - 27



Nm SYSTEMATIC ERRORS

— Science Overview

[Any signals, other than noise, that contaminate the part-in-a-million cosmic measurement]

* Minimize sensitivity of experiment to non-sky signals
— Minimize all observatory changes
» L2 orbit; constant survey mode operations
* minimize transmitter time; use make up heater
— Symmietric, rapidly switched, differential radiometers
— Rapid sky scanning (30% of sky per hour)

SPIN-SYNCHRONOUS NON-SKY SIGNALS ARE THE LEADING CONCE

RN

* Multiple modulation periodsto isolate & identify systematic effects

— switch (0.4 msec), spin (2 min), precess (1 hr), orbital (6 mo)

 Distinguish cosmic from non-cosmic sky signals
— 5 frequencies to model and remove galactic signals
— Minimize stray diffracted signals from Earth, Sun, Moon
* large edge taper; diffraction shielding
e L2orbit

Confirmation Review 17 - 19 June 1997
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ﬁ MAP TRAJECTORY TO L2

— Science Overview

Lunar Qrbit

Top View

1.3 millioh km

Side View
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o o L5
Nm GRAVITATIONAL POTENTIAL

— Science Overview
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Nm SPIN, PRECESSION
& SKY COVERAGE
—_—  Science Overview

PRECESSION OF SPIN AXIS
22.5° HALF-ANGLE

1 REV/HR
\ 0.464 rpm SPIN
A-
SIDE /
OF \ |/ MAP AT
SIGHT S 1o
6 B-SIDE
1.5x 10 km LINE
OF
® EARTH SIGHT
1.5 x 10° km

SOUTH ECLIPTIC POLE

SUN
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TOTAL POWER

RADIOMETER
—— Science Overview
Optics
Feed
pwave
. -{o-
Amplifiers Voltage
all instabilities
any changes (e.g. gain lack of
In temperature, fluctuations) switching/modulation
diffracted signals, etc. directly difficult to assess
feed directly through modulate the systematic errors
the system signal

Confirmation Review 17 - 19 June 1997
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— Science Overview

DIFFERENTIAL PSEUDO-
CORRELATION RADIOMETER

A-side | A and B signals Power from A and B
Optics | symmetrically each signals
| collected split, sent via | | recombined
— v /ommon route /
Hwave
A Soit A& B Amplifiers& |_[Combing A OB ylo
B| (“Tee") Amplifiers& | | (“Tee’) |A0rB ”\f\{g\_/e
A& BI Phase Switch Voltage
B
Feed : .
symmetric pseeludtc_) rapid phase
t differential o switching
B-side measurements System Interchange of A
- less sensitive to most gan and B signals
Optics - fluctuations - -
systematic errors rejected rejects systematics
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“» MAP OBSERVATORY

— Science Overview

1.4x1.6 m primarie A8 upper omni

Dual Back-to-Back
Gregorian optics

FPA box

secondary

passive thermal radiator
reflector

feeds

truss structure
with microwave
thermally isolating diffraction shielding
instrument cylinder

(RXB inside)

star tracker

top deck (18-layer blanket
not shown)

warm S/C and
instrument
electronics

reactio
wheels (3)

deployed solar array with web shieldin
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Nm National Academy of Sciences
Reiterates the Importance of MAP

— Science Overview

ASTRONCMY.

Follow Up on Findings, Panel Tells NASA
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ey

Science Data Management

Science Data Management

Gary Hinshaw
Goddard Space Flight Center

Confirmation Review 17 - 19 June 1997, Revised to comply with review panel findings. Science Data Management -1



“» Presentation Outline

Science Data Management

e What is OMEGA?

* Overview of science data products

e Qverview of science data flow

Confirmation Review 17 - 19 June 1997, Revised to comply with review panel findings. Science Data Management -



Nm Role of OMEGA

Science Data Management

o “OMEGA?: Office of the MAP Experiment General Archive
« Data analysis only, no mission operations responsibility

* Develop and maintain MAP Science Data Archive during the
life of the mission

* Write and maintain science data processing software

» Produce and verify calibrated sky maps and ancillary data
— Analyze maps for systematic errors - the heart of the job

» Deliver calibrated and corrected maps and ancillary data to
NSSDC for preservation and public dissemination

Confirmation Review 17 - 19 June 1997, Revised to comply with review panel findings. Science Data Management - 3



“” OMEGA Software Practices

Science Data Management

Production software is written in Fortran 90/95 and C
Analysis/imaging software Is written in IDL and Fortran 90
Adapt/re-use COBE software as applicable

Source code revision control is implemented with the GNU
Revision Control System (rcs)

Code shall be modular for ease of maintenance and debugging

All routines shall have clearly defined interfaces/argument lists
and will be amply commented.

Codes will be built with the make utility using a common set of
macro definitions to standardize program compilation.

Code organization and documentation will be maintained on the
Internal MAP web site to facilitate developer access.

Confirmation Review 17 - 19 June 1997, Revised to comply with review panel findings. Science Data Management - 4



Nm Survey Observations

Science Data Management

 MAP will reach L2 approximately 3 months after launch.

 MAP commences science survey operations using combined
spin and precession of spacecraft.

* No planning of routine science observations required.

 MAP achieves full sky coverage after 6 months of operation at
L2.

* The six month data set provides the minimum ingredients with
which to begin computing full sky maps:

— Run the computer program that solves for sky map temperatures that are
most consistent with the set of input temperature differences.

— Analyze the resulting sky maps for systematic artifacts, develop
necessary corrections and recompute the sky map.

Science Data Management - 5
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N Science Data Products

Science Data Management

o 10 calibrated sky maps of CMB temperature anisotropy
— 10 DAs: 1 @ 22 GHz (K), 1 @ 30 GHz (Ka), 2 @ 40 GHz (Q),
2 @60 GHz (V), 4 @ 90 GHz (W)
— ~1-2 million pixels per map
« Master archive of temperature differences
— ~35 GB of data per year

* Ancillary data sets for each differencing assembly
— Beam response (“window function”)
— Calibration and offset for each differencing assembly

Confirmation Review 17 - 19 June 1997, Revised to comply with review panel findings. Science Data Management - 6



» MAP Frequency Coverage:
22 - 90 GHz

Science Data Management

Confirmation Review 17 - 19 June 1997, Revised to comply with review panel findings. ence Data Management - 7



“m Science Data Pipeline -

Overview
Science Data Management
Raw Instrument Formatted Formatted
Science Housekeeping Spacecraft Orbit Data

N\

Preprocessor

v
Systematic Error Science Data ., Pointing &
Analysis Archive Beam Response

Sys. Error Calibration < Point/Beam
Parameters & Mapping Parameters
v
Calibrated Simulated Data
Sky Maps Archive

Raw Data
Simulator

Science
Analysis
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Nm Science Data Flow

Science Data Management

SMOC

Raw Instrument Formatted Formatted

Science Housekeeping Spacecraft Orbit Data

Raw Instrument Formatted Formatted

Science Housekeeping Spacecraft Orbit Data
Preprocessor

Science Data

Calibration

Sky Maps

_ ftp as needed
& Mapping OMEGA to Science Tear

Calibrated ;

<+—— daily ftp, SMOC to OMEGA

OMEGA

Science Team
Institutions

Archive i

Science Data
Copies

-

Calibrated
Sky Map Copies

Confirmation Review 17 - 19 June 1997, Revised to comply with review panel findings.
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oulpdir

Science Data Management

Preprocessor -
Detailed Flow

Raw Instrument
Science Housekeeping
Pointing Signal Limits
Parameters File
N\ v N\

Set Science Set Hsekeeping
Flags Flags

Set flags for:

- poor telemetry, gaps
- off-scale datum

- limit violations

- attitude discontinuity
- celestial objects

Formatted
Spacecraft

Merge
Archive

'

Process
Attitude
Set Attitude
Flags

Science Data
Archive

Confirmation Review 17 - 19 June 1997, Revised to comply with review panel findings.

Formatted
Orbit Data

Process
Orbit/Velocit
Set Orbit
Flags

Process attitude/orbit:
Generate interpolated
quaternions and orbit
data every major frame
(1.536 s)

Science Data Management - 10



“ Calibration & Map Making -
Detailed Flow

Science Data Management

Science Data
Archive

Calibrate with
dipole fit

Correct

Sys. Error >
systematic errors

Parameters

Iterate

Compute pixel #
and polarization

Point/Beam >
Parameters

Compute
sky map

v

Calibrated
Sky Maps
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“ Pointing & Beam Analysis -
Detailed Flow

Science Data Management

Science Data
Archive

Calibration

& Mapping

Collect Jupiter
Observations

Collect
Ancillary Data

Accumulate
Calibrated Data

Fit for Beam
Parameters

v

Jupiter
Position

Calibrated
Sky Maps

Point/Beam

Parameters

Confirmation Review 17 - 19 June 1997, Revised to comply with review panel findings.
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4-Channel
Differencing Assembly

ey

Science Data Management

@ = Polarization splitter

AA
D,=A-B

/ Differential
Radiometer D,=B-A
\ Differential D;=A-B

Radiometer D,=B-A’

B,B’

[1 of 10 Differencing Assemblies (DAS)]
DI ~ (D;- D,) + (Ds- D)

DQ, DU ~ (D;-D,) - (Ds-Dy)

Confirmation Review 17 - 19 June 1997, Revised to comply with review panel findings. Science Data Management - 13



Mapping with
Differential Data

ey

Science Data Management

e The problem:

— To produce a temperature map
with 1-2 million pixels from a
few billion temperature
difference observations.

 The solution:

— An iterative implementation of
the least-squares fit used by
COBE.

— Wright, Hinshaw, & Bennett,
Astrophysical Journal, 1996.

e The scheme:
T = DT + T,0

Confirmation Review 17 - 19 June 1997, Revised to comply with review panel findings. Science Data Management - 14



“» Model Sky Map with

1-hour Scan Pattern

Science Data Management

A and B lines-of-sight superposed on model sky map;
one hour coverage, ecliptic coordinates

Confirmation Review 17 - 19 June 1997, Revised to comply with review panel findings. Science Data Management - 15



“ » Recovered Intensity |, -

Iterations #0, 1, and 10
Science Data Management

- . Initial guess of sky temperature:
a BB ’ 10 = pure dipole

Response after 1 iteration -
note spurious “Galaxy echos”

Response after 10 iterations -
excellent convergence

Confirmation Review 17 - 19 June 1997, Revised to comply with review panel findings. Science Data Management - 16



“ - Recovered Intensity |, -
Iteration #40

Science Data Management

DI = Iout(40) B Iin

+0.2 nK

Confirmation Review 17 - 19 June 1997, Revised to comply with review panel findings. Science Data Management - 17
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“ Calibration Recovery -
Iteration #1

Science Data Management

24— Ome Q bund chanmel, %° Gulaxy cut

Hergtion #1

N
J
\

Recovered calibration (du/mK / hr)
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0 100 200 300 400
Time (days)
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“ Calibration Recovery -
Iteration #10

Science Data Management

Ome Q bund chanmel, 2° Gualaxy cut
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“» Model Sky Map with

Jupiter Ephemeris

Science Data Management

Position of Jupiter at 6 month intervals
superposed on model CMB sky; ecliptic coordinates

Confirmation Review 17 - 19 June 1997, Revised to comply with review panel findings. Science Data Management - 21
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Science Data Management
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Bold indicates times
when Jupiter is visible
to MAP for beam

mapping.
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“» Planetary Ephemerides

Science Data Management

Mars, Tmax = 42 mK

Bold indicates times
when the planets are
visible to MAP for
beam mapping.
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Beam Maps Compiled
from Jupiter Observations

Science Data Management
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U

top: response of feed A
to Jupiter signal, in
spacecraft coordinates

bottom: response of feed
B to Jupiter signal, in
spacecraft coordinates
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“» Beam Parameter

Recovery

Science Data Management
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Nm MAP Data Timeline

Science Data Management

L L+3 L+9 L+15* L+24 L+27 L+36
4 I S s . - *
3 - N o g
O = > 0O = |l > © = >
= N o QL s KER | o L <
C c© o n g ol g o n
S 5 E L = cll= = E L
- mO O wo ol O o

f For each phase of data collection, f .:

» Complete new full-sky map solution by simultaneously fitting
many billion (!) temperature differences

» Complete analysis of instrument calibration and uncertainties

* Set upper limits on residual systematic contamination in the sky
maps

* Deliver calibrated temperature anisotropy maps (1 from each of
MAP’s 10 data channels) with quantified random and systematic

anertainties

<

J

Confirmation Review 17 - 19 June 1997, Revised to comply with review panel findings.

*Qbservations of the planet Jupiter are required in
order to properly calibrate the instrument beam
response. Because Jupiter is only visible during

certain times of the year, this requirement could cause
the completion of the first full-sky maps to be delayed
by up to 3 months, depending on launch date.
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Education and Outreach

Education & Outreach

David Spergel
Princeton University
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Outreach Strategy

Education & Outreach

* MAP will likely generate significant press coverage and
public attention
— COBE experience

* Pre-launch goal:
— Develop quality educational material

* Post-launch goal:
— Use publicity to broadly distribute educational material

Confirmation Review 17 - 19 June 1997



MAP Outreach Efforts

Education & Outreach

* Popular talks by MAP team members

* MAP world-wide-web pages

* Cooperative Science Learning Program (CSLP)

* Hayden Planetarium redesign

* Develop material (e.g., video clips) for the media

Confirmation Review 17 - 19 June 1997



4 Popular Talks by MAP Team Members

Education & Outreach

* Hayden Planetarium

* National Air and Space Museum

* Discovery Channel Space Update

* Princeton Plasma Physics Laboratory

(“Science on Sundays”)
* Day with NASA program
* American Association of Physics Teachers
e School and club talks:

— High, junior high, and elementary schools
— Astronomy clubs

Confirmation Review 17 - 19 June 1997



Education & Outreach

Classroom Demonstration

* Demonstration to illustrate importance of:

Differential Measurements
Systematic error Control

* Procedure

Take two students of nearly equal height

Have students measure their heights with one-foot rulers and
compare

Discuss difficulties of absolute measurements and systematic
errors

Next, make a differential measurement of students relative
heights

Stress the link to MAP’s differential measurements
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MAP Web Pages

Education & Outreach

* Developed by
— David Spergel, Brooke Simmons (PU)
— Gary Hinshaw, Chuck Bennett (GSFC)
* More than 50 html pages and 100 images including:
— “Introduction to Cosmology” pages
— “Technical Information about MAP” pages
— “Non-Technical Technical Information” pages
* Typical visitors:
— Interested members of the public
— Students working on term papers
— Scientists working in cosmology

Confirmation Review 17 - 19 June 1997



CSLP Program

Education & Outreach

* Links high schools with NASA missions

* Several Explorer programs already participating in
CSLP

* Plan to attend August organizational meeting at NASA/
Lewis
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Hayden Planetarium

Education & Outreach

* Undergoing complete renovation - new building will
- open Fall 1999

e $130 million project
e Over 1 million visitors per year

e MAP team is providing cosmology information and
scientific design guidance

» Centerpiece of planetarium: show featuring the cosmic
microwave background and the Big Bang!

Confirmation Review 17 - 19 June 1997
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PROJECT OVERVIEW



Nm AGENDA Q

Project Overview

« WORK BREAKDOWN STRUCTURE

« ACQUISITION STRATEGY

e ROLES AND RESPONSIBILITIES

« RELIABILITY POLICY

« DESIGN REVIEW PROGRAM

« SCHEDULE

« EXPLORERS TECHNOLOGY INITIATIVE

Confirmation Review 17 - 19 June 1997



‘iﬁ‘”ﬁ' WORK BREAKDOWN

STRUCTURE

Project Overview

MAP
MISSION
UPN 287-1
PROJECT SYSTEM PERFORMANCE "SPACECRAFT" "INSTRUMENT"
MANAGEMENT ENGINEERING ASSURANCE SUBSYSTEMS SUBSYSTEMS
287-11 287-12 287-13 287-14 287-15
-1 Science Team & Science Support -1 Sys-level Analytical Integ. -1 Parts Engineering -1 Attitude Control -1 Structural/Thermal
-2 Plan, Org, Implemen. & Control -2 Mission System Engr. -2 Materials Engr. -2 Command & Data Handling -2 Spacecraft Mission Uniques
-3 Education & Public Outreach -3 Quality Assurance -3 Power -3 Electronics
-4 Safety & Reliability -4 Communications -4 Thermal Reflector System
-5 Electrical Interconnection -5 (intentionally blank)
-6 Structural/Thermal -6 "Instrument I&T
-7 Flight Software -7 Differencing Assemblies
-8 (intentionally blank)
-9 "Spacecraft” 1&T
GROUND SYSTEM LAUNCH MISSION OPS &
SEGMENT INTEG. I&T VEHICLE DATA ANALYSIS CONTIQI\;SEE‘CY
287-16 287-17 287-18 287-19
-1 Development -1 Integration & Perf. Testing -1 Basic -1 Ops. Preparations R . .
-2 1&T Systems -2 Environmental Testing -2 Mission Uniques -2 Flight Operations % ;ﬁﬁgz'ﬁ@ M:rrgi'r:'
-3 Science/Mission Operations Center -3 Transport Operation -3 Aircraft Coverage -3 Office of the MAP Exp. Gen. Archive g
-4 Launch Site Operations -4 Data Analysis Preparations
-5 Integrated Vehicle Operations -5 Flight Software Maintenance
-6 Launch & In-Orbit Checkout -6 Ground Segment Maintenance

-7 Network Operations

RMD 5/6/97

Confirmation Review 17 - 19 June 1997



Mm RESPONSIBILITY

BY INSTITUTION

Project Overview

GODDARD PRINCETON

« PROJECT MANAGEMENT « INSTRUMENT SCIENTIST

e SYSTEMS ENGINEERING « DIFFERENCING ASSEMBLIES
« INTEGRATION AND TEST « REFLECTOR DESIGN & TEST
« PERFORMANCE ASSURANCE « MICROWAVE FEEDS

« STRUCTURE/THERMAL « SYSTEM ENG/I&T SUPPORT
« INSTRUMENT ELECTRONICS SCIENCE/DATA ANALYSIS
« SPACECRAFT SUBSYSTEMS EDUCATION AND PUBLIC

e GROUND SYSTEM OUTREACH COORDINATOR
e SCIENCE/MISSION OPS UCLA

+ SCIENCE/DATA ANALYSIS « DATA ANALYSIS

« DATA ARCHIVING COORDINATOR
CHICAGO + GROUND ATTITUDE

DETERMINATION SOFTWARE
« SYSTEM ENG/I&T SUPPORT
 SCIENCE/DATA ANALYSIS

« SWG CHAIR
« SYSTEM ENG/I&T SUPPORT
« SCIENCE/DATA ANALYSIS
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Nﬂ ACQUISITION STRATEGY

Project Overview

COMPONENT MAKE CONTRACT
CATEGORY OR BUY TYPE
(RESPON.) SUB TYPE
THERMAL REFLECTOR SYSTEM BUY (G) FFP PF
DIFFERENCING ASSEMBLIES MAKE (P) COST PF
FFP PR
MICROWAVE AMPLIFIERS BUY (G) INTER-AGENCY N;
TRANSFER (5
INSTRUMENT, S/C STRUCTURES MAKE (G) N/A G
FFP FA
ACS SENSORS & ACTUATORS BUY (G) FFP LC
KE
RF COMM. COMPONENTS BUY (G) FFP TE

SOLAR CELLS BUY (G) FFP TE
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— Project Overview
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Project Overview

PRINCIPAL
INVESTIGATOR

ience Working Grou

i
S. Meyer
University of Chicago

Instrument Scientist
D. Wilkinson
Princeton

C. Bennett
GSFC

PROJECT MANAGER

R. Day
GSFC

Education & Public
Outreach Coordinator
D. Sperget!
P

Flight Assurance Team
M. Delmont/GSFC M. Jones/GSFC
A. Reyes/GSFC T. Bowser/GSFC
(Product Team Leads)

Business Management Team
L. Abbott/GSFC J. Tomasello/GSFC
H. Keller/GSFC
(S. Dawson/Princeton) A, Coranel/GSFC
(Product Team Leads)

A. Schunemann/GSFC

Mission Systems Engineering & Integration Team
L. Citi/GSFC C. Jackson/GSFC
M. Bay/GSFC G. Won/GSFC
N. Staftford/GSFC  R. Mills/fGSFC
(Product Team Leads)

5

RMD 6/9/97

I I I | 1 I 1
System Safety Princeton/NRAO Clerical/Admin. I&T Support DSN Support Launch Vehicle Launch Site
M. Hil¥GSFC COTR S. Atkins A. Coleman A. Berman D. Silva M. Thompson
T. Palo/lUSAF R. Cuddapah GSFC S. Senio JPL GSFC KSC
G. Hendricks/KSC GSFC GSFC
— T T I T 1 1 T 1
tructural "‘”""m Microwave instrument Power System Propulsion ( Attitude Contro Flight Software ommand, CQnR\ (Ground System f Science Data \
Product Team Product Team Electronics Product Team System System Product Product Team & Communications & Operations Systems
Product Team Product Team Team Product Team Product Team Product Team
Products Producl Products Products Product Products Products Products Preducts Products
Instrument Structure || Differencing Assy's Power Dist. Unit, Power System Propulsion System ACS Analysis IS/W tor C&DH, ACS, ACE/C&DH Gnd System HW/SWJ| Science Analysis &
hermal Reflector Sys, Optical Design Analog Elect. Unit & Electronics, Solar & Components DEU, ACE, PSE, & RF System Fit. Ops. Preps data deliveries
acecraft Slructugej N N Digital Electr. Unit Array, Batteries / '\ ) Housekeeping A Components A ) N_ /
Team Leader Team Leader Team Leader Team Leader TYeam Leader Team Leader Team Leader Team Leader Team Leader Team Leader
J. Stewart D. Wilkinson J. Caldwell K. Castell G. Davis D. Ward B. Savadkin J. Ruffa S. Coyle G. Hinshaw
GSFC Princeton GSFC GSFC GSFC GSFC GSFC GSFC GSFC GSFC
Thermal Systems Difterencing Assembly AEU Engineer PSE Design ACS Analysis C&DH Software CaDH Systems Engineering Ops Scientist
S Glazer N. Jarosik ©. Bergman A Hernandez-Palleranc R Estes S Andraws J Marquan J Ruffa) A Hollenhorst (G Hinshaw}
K. Rhee
Ratisctor Scientist PDU Engineer PSE Software Analysis Dss/CSs ACS Sottware RF Systems Realtime Lead RAeflector Sciernist
Mechanica; Systems Page C. Kellsnbenz S. Gleason M Rhee O Rodriquez-Aivares M Watters M Powers {R Hoilanhorst) (L Page}
S.Ngo D McComas
Amplitiers DEU Engineer Battery Trajectory Analysis AwWaA ACE Otfline Lead Data Analy Coord
Solar Array J. Webber R Boreli D Jalice (K Richon) N Rubin ACE Software M Lin (S Coyle) €L Wright
A. Stewan M. Pospieszalski D. Leucht
E. Woltack DEU Software Solar Array iRU Fiber Harness Spacecraft Controiler SWG
STOP Analyst C. Trujillo (A. Stawart) D Henretty RSN Software (A. Golaman) B Shendock (S Meyent
J McGurre Beam Mapping (4 Marquar) (C Bennet
M. Limon Harness Harness Star Sensor Transponders Trajestory Analysis {D Wilkinson
Reflector Screntst (8 Senio) (A Coleman) A Spagnuolo DEU Software (M Powers) K Richon N Jarosik)
Page) Optics & DA Support (€ Truplio) M Matthews J Mather
G. Tucker RXB Electronics LvPC ACE CADH Sohware (L Page)
Mech Designers M Halpern K. Mortizavi A Hernadez-Pellerano (M Liny Software Testing (J. Marquar) Ops Sciennst (D. Spergel
T. Driscoll M Bartholomew (G Hinshaw) {E Wright}
Engineering ACE Software ASN SW M Halparr)
Reflector Analyst K. Buzer Dt aucht Soltware CM i Marquar) (E Wallack)
Mare M Browda M timoni
Business Management ACS Software Antennas (G Tocker
Structural Anatysis S. Dawson (M Wakers) F Pellerana
F Tahmasebi Programming
Management Support Gnd Attitude Det LVPC M Greason
Mech Technician (R. Cuddapah) (E Wright) (A Hernadez-Pailerano] A Kogut

M. McDonald

AN J

\-

- _J

-

\

/ N\

/ -

/

—/

Note: 1) All positions are not full-time.

of an i

and

) indica team

of a product team leader

3) itafics indic P
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Mm ROLES & RESPONSIBILITIES
HANDBOOK

Project Overview

« SUPPLEMENT TO ORGANIZATION CHART

 DISTRIBUTED TO TEAM AT PROJECT
INITIATION AND UPDATED AS REQUIRED

« DEFINES RESPONSIBILITIES OF ~50 KEY
INDIVIDUALS THAT FORM THE CORE OF THE
MATRIX PROJECT TEAM

 BASIS FOR PERFORMANCE PLAN/EVALUATION
INPUTS TO FUNCTIONAL LINE MANAGEMENT

Confirmation Review 17 - 19 June 1997



Mm EXAMPLE OF PRODUCT

TEAM LEAD ROLE

Project Overview

System-level responsibility and authority within allocated resources:

— Leadership of the product team and integral member of mission system
engineering team

— Planning and control of technical, financial, schedule and human
resources allocated to the product team

— Derivation, validation and verification of all system requirements relative
to the product team

- Design and development of all deliverable products, including procured
components, for which the product team is responsible

— Prevention of product, process and quality system non-conformities;
identification and documentation of any problems relating to products,
process and quality system; control of further processing until the non-
conformance has been corrected; and implementation and verification of
solutions with appropriate concurrence from the Flight Assurance
Manager, Mission System Engineer and Project Manager

- Configuration management of all products and associated data packages

Confirmation Review 17 - 19 June 1997



Nm ROLE OF FUNCTIONAL @
.

Project Overview

LINE MANAGER AT GODDARD

HOLDS A VESTED INTEREST IN THE SUCCESS OF
MAP AND “FEELS” RESPONSIBILITY FOR THE
ORGANIZATIONAL INPUT TO THE PROJECT

ASSURES THE QUALITY OF THE ORGANIZATION’S
INPUT TO THE PRODUCT
—LINE OF APPEAL IF DISAGREES WITH TEAM DECISIONS

MAINTAINS AND ENHANCES ORGANIZATION AND
INDIVIDUAL CORE TECHNICAL CAPABILITIES

EVALUATES PERFORMANCE OF TEAM MEMBERS
BASED ON PROJECT MANAGER INPUT

WORKS CLOSELY WITH PROJECT MANAGER TO
ENSURE PROJECT NEEDS ARE MET

Confirmation Review 17 - 19 June 1997



ASSURANCE OFFICE ROLE

“m SAFETY & MISSION @
-

Project Overview

« SUPPORT PROJECT MANAGER VIA:
— DEFINITION & IMPLEMENTATION OF S&MA PROGRAM

— INDEPENDENT ASSESSMENT THROUGH CONDUCT OF
MAJOR SYSTEM REVIEWS

— LAUNCH READINESS CERTIFICATION (“REDBOOK?)

« PROVIDE INDEPENDENT ASSESSMENT AND
CERTIFICATION OF SAFETY & MISSION ASSURANCE
COMPLIANCE TO GODDARD CENTER DIRECTOR

« PROVIDE CERTIFICATION OF SAFETY COMPLIANCE
TO NASA ASSOCIATE ADMINISTRATOR FOR
SAFETY AND MISSION ASSURANCE
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Mm RELIABILITY POLICY

Project Overview

« MAP IS ALMOST ENTIRELY SINGLE-STRING

— ACKNOWLEDGED BY ANNOUNCEMENT OF OPPORTUNITY

e “AS ARESULT [OF PROGRAMMATIC DEMANDS], SYSTEMS
ARE EXPECTED TO BE PRIMARILY NONREDUNDANT OR
SINGLE-STRING. HOWEVER, REDUNDANCY IS ENCOURAGED
WHERE APPROPRIATE AND WHERE RESOURCES ALLOW.”

« MAP RESOURCE CONSTRAINTS
« MAXIMUM MASS TO ORBIT OF 708 kg.
« MISSION COST CAP OF $70M (FY94)
 THEREFORE GREAT EMPHASIS IS PLACED ON:
— ROBUSTNESS OF DESIGN
— MANUFACTURING PROCESS CONTROL
— TESTING, ANALYSIS AND SIMULATIONS

— CLOSED LOOP ANOMALY REVIEW/DISPOSITION PROCESS

Confirmation Review 17 - 19 June 1997



U \AIOR PROIECT REVIEWS
°Prcggav|ir|v|§v|\v/|AT|ON REVIEW (CR)

« FAST TRACK MISSION SCHEDULE REQUIRES COMBINING
ELEMENTS OF A CDR, MOR AND NAR

« CO-CHAIRED BY SAFETY & MISSION ASSURANCE OFFICE AND
EXTERNAL CO-CHAIR

 PRE-ENVIRONMENTAL REVIEW (PER)
« EVALUATES SYSTEM ENVIRONMENTAL TEST PLANS
 VERIFIES READINESS FOR SYSTEM TESTING
« CHAIRED BY SAFETY & MISSION ASSURANCE OFFICE

 PRE-SHIP REVIEW (PSR)

 VERIFIES READINESS OF ALL MISSION ELEMENTS FOR FLIGHT
SEGMENT SHIPMENT TO LAUNCH SITE

« FOCUS IS ON SYSTEM PERFORMANCE DURING TESTING

 INCLUDES ELEMENTS OF A FLIGHT OPERATIONS REVIEW SUCH
AS FLIGHT OPERATIONS PLANNING, FLIGHT/ GROUND
COMPATIBILITY, END-TO-END TEST/ SIMULATION RESULTS

« CHAIRED BY SAFETY & MISSION ASSURANCE OFFICE

Confirmation Review 17 - 19 June 1997




ﬁm MAJOR PROJECT REVIEWS
(CONTINUED)

Project Overview

e MISSION READINESS REVIEW (MRR) LAUNCH MINUS 1
MONTH

« OBTAIN APPROVAL TO PROCEED TOWARD LAUNCH

 SUCCESSIVE REVIEWS WITH GODDARD MANAGEMENT AND
THE NASA ASSOCIATE ADMINISTRATOR FOR SPACE SCIENCE

« LAUNCH READINESS REVIEW (LRR) LAUNCH MINUS 3 DAYS

 VERIFIES THE READINESS OF ALL MISSION ELEMENTS TO
SUPPORT THE MISSION OBJECTIVES

« OBTAIN CONCURRENCE FOR VEHICLE SECOND STAGE
PROPELLANT LOADING

« CHAIRED BY SAFETY & MISSION ASSURANCE OFFICE
« FLIGHT READINESS REVIEW (FRR) LAUNCH MINUS 1 DAY
« FINAL AGREEMENT TO LAUNCH

 CO-CHAIRED BY NASA MISSION DIRECTOR (MAP PROJECT
MANAGER) AND NASA LAUNCH MANAGER (KSC EXPENDABLE
LAUNCH VEHICLES DIRECTORATE)

Confirmation Review 17 - 19 June 1997



S AP \NTERNAL REVIEW PROGRAM

CHAIRED BY PROJECT (MOST W/ OUTSIDE PEER REVIEWERYS)

Project Overview

« MISSION/OBSERVATORY LEVEL REVIEWS

v MISSION REQUIREMENTS - MAY 1996

v MISSION CONCEPT - JULY 1996

v SPACECRAFT DESIGN (PDR) - JANUARY 1997
v INSTRUMENT DESIGN (PDR) - MARCH 1997

v FLIGHT TRAJECTORY - MAY 1997

v MISSION RELIABILITY - MAY 1997

— FLIGHT OPERATIONS AND CONTINGENCY PLANNING
— PRE/POST-VIBROACOUSTICS TEST

— PRE/POST-THERMAL VACUUM TEST

— PRE/POST-TRANSPORT

— LAUNCH AND EARLY ORBIT

— TRAJECTORY AND MANEUVERS

— PRE/POST-PROPELLANT LOADING

— LAUNCH READINESS
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SN INTERNAL REVIEW PROGRAM - jita

(CONTINUED)

Project Overview

 INSTRUMENT/SPACECRAFT/GROUND SYSTEM
— PRE-PROPULSION SYSTEM INTEGRATION (SPACECRAFT)
— PRE-INTEGRATION (SPACECRAFT, INSTRUMENT)
— PRE/POST-VIBRATION (INSTRUMENT)
— PRE/POST-THERMAL VACUUM (INSTRUMENT)
— ACCEPTANCE

« SUBSYSTEM/COMPONENT REVIEWS
— PRELIMINARY DESIGN
~ CRITICAL DESIGN
~ PRE-FABRICATION
— PRE-ENVIRONMENTAL TEST
~ ACCEPTANCE
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“ﬁ LEVEL | SCHEDULE

Project Overview

INSERT MASTER SCHEDULES

Confirmation Review 17 - 19 June 1997



Mm MIDEX SPACECRAFT vé%
.

ADVANCED TECHNOLOGY

Project Overview

« EXPLORERS TECHNOLOGY INITIATIVE (MARCH 1995)
—MAJOR REDUCTION IN NON-INSTRUMENT COST OF MISSIONS

- MAKE SPACECRAFT SYSTEMS PERIPHERAL TO INSTRUMENT
 BREAK THE INSTRUMENT/SPACECRAFT PARADIGM

—FACILITATE A NEW GENERATION OF COMMERCIALLY
AVAILABLE SPACECRAFT COMPONENTS

« ENABLE CONTINUOUS TECHNOLOGY INFUSION

« MAP UTILIZES THIS REVOLUTIONARY NEW
MODULAR DISTRIBUTED ARCHITECTURE
- MAP TEAM LEADS THE ETU AND FLIGHT DEVELOPMENT

e CORE COMPONENTS COMMERCIALLY AVAILABLE

—SPACE ACT AGREEMENT WITH LITTON AMECOM FOR
TECHNOLOGY TRANSFER AND COLLABORATION
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— Systems Engineering

Systems Engineering

Systems Team:
Mike Bay
Liz Citrin
CIliff Jackson
Rick Mills
Nancy Stafford
Gary Won

Confirmation Review 17 - 19 June 1997 SE-1



MA®P  rcenDa

— Systems Engineering

o

* Requirements

e Environments

 Major Trades

o System Overview and Terminology
* Resources and Budgets

o Electrical Systems

Confirmation Review 17 - 19 June 1997 SE-2



“» MAP Requirements Overview

— Systems Engineering

é Mission

* 1-10 deg orbit about L2

* 27 month life (2 yrs. observing)
« Electrical System Specification
» Contamination: Class 100,000
\ * Radiation: 27krad total dose

( Mechanical )

» Shadow the instrument

» 7325 launch loads, 10 ft. fairing

* Sun-shade flatness
\* Alignment and access

4 Thermal

J

\

* FPAHEMT’s < 95K

* HEMT stability of 0.5mK p-p
over spin period

* Electronics boxes 0-40C

* Inst. elect. stability of 10mK p-p
over spin period

Z

(

Science )

* CMB map with:

* 20 uK sensitivity

* < 4.5 uK systematic errors
« 0.3° angular resolution

* Full-sky coverage

» Polarization sensitive

Instrument A

v,

Differential sensing using back-to-back
Gregorian optics

5 frequency bands

- 22GHz, 30GHz, 40Ghz, 60Ghz, 90GHz

( Attitude Control and Propulsiom

Ground System \

\- Wet prop comp. - 10-50C

Comm

e CCSDS downlink

\_* 2-way tracking

e CCSDS uplink @ 2kbps

- minimize transmission
* 70m DSN prime, 34m bag

Confirmation Review 17 - 19 June 1997

Real-time and stored commanding
Telemetry display

Trending, level-0 processing
Orbit, trajectory, and pass planning
Data reduction and analysis (map
making)

Data archiving

» Compound spin observing strategy
- 2.45-2.5%sec @ 22.5° above spin plane
* Pointing knowledge of 1.8 arcmin RMS
* Spin axis precession 22.5° +/- .25° from
sun vector
* Trajectory correction, orbit maintenance,
momentum unloadin

é C&DH

~\

* Real-time and stored commanding
 Real-time and stored telemetry
- at least 30 hours on-board storage
* On-board timing resolution of 1ms
\° Ground time correlation to 1s

Power )

J

* 400W EOL

* Energy storage to support
initial sun acquisition and
safemode entry

» Bus stabiljty




ey

Requirements Flow

— Systems Engineering

» Requirements

Interfaces

Thermal/Reflector

Microwave System

Feed
Differencing Assemblies

—

N
-

Instrument Electronics P
Specifications

[ MAP Level |
S

cience Requirements]

v

[ MAP Budgets

Mision Requirements

[ MAP Science and

|

7

[ Power System

[ Propulsion System

Comm System

[ Attitude Control System

|

C&DH

Specification

MAP Electrical ]
Systg 1773Bus ICD

Ground System -]
Software Specifications

Observatory Mechanical

Specification

f Propulsion/ACS

Observatory Thermal

LVP

Llsprg’

R ICD

Gui

Confirmation Review 17 - 19 June 1997

Observatory Mechanical

L

QC/Omeqa ]

DMR (GSFC/JPL 1CD)

ICD

GSFEC/DSN Letter ]

( LV Questionnaire

SE-4



WA REQUIREMENTS ALLOCATION

AND VERIFICATION

— Systems Engineering

MAP Budgets

MAP Science
and Mission
Requirements Allocated

Subsystem
Requirements
(direct and derived)

|

] System-Level
Analysis Test Plans
and Inspection  anq procedures

Subsystem-level\‘ Analysis

Test Plans and and Inspection
Procedures

!

Testing Testing

Confirmation Review 17 - 19 June 1997 SE-5



— Systems Engineering

““ Requirements and Verification

Data Base

Requirement Table Verification

Requirement

The sun shall be ...

Test Data Base

-Description
-Pass/Fail Criteria
-Procedure

-GSE ...

Deleted

Sun acquisition ...
Implement a comp..
A 2.47-2.5 deg/sec .

Allocation Table

1773 Bus Communications

1773 Optical Margin

CDHO03| 1773 Single Event Upset Simulatio

Tracking Table

Confirmation Review 17 - 19 June 1997
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— Systems Engineering

Map System Level

Documentation Tree

May 5, 1997

Operations Concept
u
Mission Sequence
Ground Contact Approach

MAP Level | Science Requirements

Mission & Science Requirements

Due: MRR

Budgets

Sensitivity

Science Data Management
Spacecraft Autonomy Approach

Caoyle

Data Loss

ic Error
Spatial Resolution

Due:

Program Management Plan
. MRR

Vision Statement

Due: MRR

Performance Assurance
equirements

Roles & Responsibilities
Hardware and Software Review Plan
Hardware Acceptance Board

Design Assurance [Parts, Materials, Reliability]

QA [Workmanship, Failure Reporting]
Safety [S/C, Personnel]

EMI Control Board
System Resources Management.

T
Configuration

estin [Environmental
anagement &

Ground System Requirements
Due: SCR

Flight Operations System
I&T & Launch System
Unibilical, Data Handling, RF, Computer
Special (ACS, PYRO, Timing)]

l

Due PDR

Ml

uality Manual Ir Inputs to JPL TLM 3-xxx and, |
Qua.POR — CMD 4-8 (Data I/F) 1

1 - —— P N e S, Coylan

ESD Control Plan F=—=—===- I ________

Due. PDR_COR

System Verification and
Integration Plan
Due: PDR, CDR
Environmental Test Levels

Duo. PDR

Contamination Plan

M Dolm

L SMOC to OMEGA ICD |
L

Performance Verification Matrix
Due: PDR, CDR

N. Stafford

I Comprehensive Performance Test Plan I

|

I Functional & Pad Functional Test Plan I

|

| Aliveness Test Plan I
1

EMI Test Plan I

]

Vibration Test Plan I

]

I Thermal Vacuum / Balance Test Plan I
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Do PERTCER

LV Questionnaire

Mission System Payload Safety

(Spacecraft to Launch Vehicle ICD) Package
Due: CDR; Final L-24 mos. Die- 1.15

MStafiord

ALl

Inputs to Payload

Requirements Document

N_Siafiorg

Due: L-12 mos

Launch Site Support Plan

ALStaf

Flight Operations Plan
Due: L - 24 mos.

Launch and 10C Plan
Due: L-12 mos

Flight Operations Contingency Flow Charts

Observatory Telemetry List
Prelim: PDR, CDR: Final Prior to 1&T]
Data Source RT / Sub, Type
Ap Id, Packet Definition, Bit Conventio
Collect Interval, Downlink Interval

|

Observatory Command List
Prelim : PDR, CDR; FinalPrior to 1&T
Data Destination RT / Sub
Apld_Function Code Bit Convention

Observatory Health and Safety Red

Prelim: PDR, CDR; Final Prior to I1&T
Mission Fault Tree
Relative Time Sequences

Lnigue Cault D ion2-Couachion,

Observatory Constraints Document

Due : CDR; Final at Completion of 1&T
Restriction, Constraints




Map System Level

Page 2
D tation Tree
May 5, 1997
— Systems Engineering
Mission & Science Requirements
Due: MRR
i R Communications System
Electrical Systems Observatory Mechanical . ations . .
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“A’ Specification and ICD Status

— Systems Engineering

Document Status Comments

MAP Level I Science Requirements Complete

MAP Science and Mission Requirements Complete

Operations Concept Document Complete

Ground System Requirements Complete

Inputs to JPL TLM 3-xxx and In review GSFC input complete. Sign-off

CMD 4-8 needed in 6 months.

DMR (GSFC/DSN ICD) Ready for DSN Need date: 6 months prior to
review compatibility testing.

DSN Letter of Agreement In Progress - | GSFC inputs complete 6/30. DSN

review and sign-off by Aug. 15,
prior to Transponder contract

award.
SMOC to OMEGA ICD Complete
Launch Vehicle Questionnaire Complete
Electrical System Specification Complete
Electrical Interface Analysis On-going In-house and some procured

components reviewed. Remaining
Specs reviewed for all components
but detail analysis TBD for
transponder, wheels, gyro, tracker.
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“”Specification and ICD Status (2)

— Systems Engineering

L DYILEILY LIZUILECTLULY ) e N

Document Status - Comments

Observatory Mechanical Specification Complete

Observatory Mechanical ICD Complete Interface definition envelopes
(volume, footprint, mass, finish)
agreed to and distributed in
subsystem/component specs. Final
box/component drawings to be

'| complete by 7/15.

Observatory Deployables Specification Complete

Observatory Thermal ICD Complete

Command & Data Handling Specification Complete

1773 Bus ICD In review Complete except for AST interface

Communications System Specification Complete

Propulsion System Specification Complete

Propulsion Component Specs Thruster, fill and drain valve specs
complete. Pressure transducer,
filter and iso-valve specs to be
complete, RFP’s issued by 7/30.

Propulsion ICD Complete

- AEU Specification Complete

Digital Electronics Unit Specification Complete

Power Distribution Unit Specification Complete

Feed Specification Complete

Differencing Assembly Specification Complete
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“» Specification and ICD (3)

— Systems Engineering

Document

Status

Comments

Microwave System Structure Specification

In progress

DA positioning complete except for
final component dimensions of K &
Ka detectors, due now. Supporting
1ib structure design complete 7/15.

Thermal Reflector System Specification Complete
Power Subsystem Specification Complete
LVPC Users’ Guide/ICD Complete
Attitude Control Subsystem Specification Complete
ACS Component Specs Complete

ACE Specification and ICD

In progress

Incorporating recently awarded
component interface details.
Complete 7/30.

PSE Software Specification

Complete

ACS Software Requirements Document

In review

All Build 1 (ACE and ACS)
requirements finalized. Document
sign-off 6/30.

C&DH Software Specifications

Build 1 specs
complete or in-
review.

C&DH Spec for each software
component. Specs for each
component are completed prior to

integration of component into the
Build.

Instrument Software Specification

Complete

Confirmation Review 17 - 19 June 1997
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Subsystem Development

Approach

— Systems Engineering

Latest S/W Load

|

Design 2> Fab

—>» Test

Concept/Reqs T

_ Design
Review Peer Review

Confirmation Review 17 - 19 June 1997

BB mods. folded
into ETU design

Updated S/W Load
i (sufficient to test/verify all
\ 4 H/W interfaces & functions)
Design Fab Testl
Design Peer T
Review Thermal Test

Systems Eng.

Pre-Fab Review

Y

ETU mods. folded
into Flight design

Updated S/W Load

|

Design 2>

Fab

—>

Test

)

Systems Eng.
Pre-Fab Review

Y

Flight Environmental
Testing
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““ Subsystem Reviews &

— Systems Engineering

o Concept/Requirements Review
— Early in design phase; internal with systems participation
— Requirements defined and understood; viable design and operations
concept

* Design Peer Review(s)
— Prior to committing to fabrication (BB, ETU, Flight)
— Requirements, design (schematic level), operations & verification
approach
— Circuit functionality, interface compatibility, FMEA’s, robustness
reviewed
— External as well as internal peer participation

e Pre-Fab Review(s)
— Prior to ETU, Flight fab
— CCA layout review, with systems & other experts
— Review isolation, grounding, good practice guidelines

Confirmation Review 17 - 19 June 1997 SE-13



“” Peer Reviews

— Systems Engineering

« ACS

— Concept Review 7/96; PDR 1/97,
CDR 5/97

— S/W PDR 1/97

— ACE, EVD, I/0 Card detailed design
reviews

— GSE Review
. Power

— SA, Output, Battery, Control
Module, LVPC Schematic/Detailed
design reviews

— Layout/Packaging Reivew

— GSE Review

— Power System Operations Review
e  Propulsion

— Peer Review #1

— Peer Review #2

Confirmation Review 17 - 19 June 1997

C&DH

— HSK RSN, XRSN, M-V detailed
design reviews

— GSE Review

— ACE, EVD, I/0 Card detailed design
reviews

— GSE Review
Comm

— Subsystem Peer Review 12/96
Instrument

— Peer Review
Ground System and Operations

— Requirements Review

— Design Reivew

— Trajectory Design Review
Mechanical/Thermal

SE-14



— Systems Engineering

Peer Reviews(2)

»  Flight Software

Generic RSN Requirements & Design Review 4/97
Command Ingest Delta Design Review 2/97
Checksum Requirements Review 3/97

Health & Safety Delta Review 2/97

Operating System Requirements Review 1/97
Memory Scrub Requirements Review 12/96
Memory Scrub Design Review 1/97

Software Manager Req. Review 8/96

Time Code Req. Review  7/96

Time Code Design & Code Review 8/96

Telemetry Output Req. Review 10/96

Telemetry Output Design Review 1/97

1773 Bus Controller Req. Review 1/95

1773 Bus Controller Design Review 9/96

PSE S/W Req. Review 8/96

PSE S/W Design & Code Review 10/96

RSN Bootstrap Loader Design Review 3/97
Transponder RSN S/W Requirements Review 4/96
Transponder RSN S/W Design & Code Review 4/96
ACS FSWPDR 4/97

Flight Software CDR for 9/97

Remaining S/W component Rqmts and Design Reviews
Code Walkthroughs

Confirmation Review 17 - 19 June 1997

*  Mechanical

GSE Review 11/96

Mechanical Peer Review 2/97
Deployables Peer Review #1 2/97
Deployables Peer Review #2 6/97
TRS CDR 6/97

Mechanical Peer Review #2 8/97
TRS PSR

¢ Comm

Comm Subsystem Peer Review 11/96

GSE Review 11/96

Med. Gain Antenna ETU Design Rev. 8/97
Med. Gain Antenna ETU Pre-fab Rev. 9/97
Transponder Design Review 12/97; PSR 8/98
Med Gain Antenna Flight Pre-fab Rev. 1/98

. Thermal

Thermal Peer Review #1 1/97
Thermal Peer Review #2 6/97
Thermal Peer Review #3 10/97

*  Propulsion

Peer Review #1 10/96

— GSE Review 11/96
— Peer Review #2 5/97
— Peer Review #3 (pre-tab) 9/97

SE-15



— Systems Engineering

Environments

Confirmation Review 17 - 19 June 1997 SE-16



i
“” MAP Radiation Environment ﬁ

— Systems Engineering

o Total dose prediction: 27krad-si

— Assuming 27 month mission; 100 mil aluminum shielding; design
margin of 2

—Ray trace of lightweight box shows 6-10 krad-si interior environment
— Ray trace of selected observatory points

o SEE requirements
— Parts immune to latchup; parts with LETth < 35 MEV*cm?/mg shall be
shown to not degrade mission performance
e Status:
— All parts lists have been reviewed for total dose and SEE susceptibility
— TID radiation testing in progress; no issues anticipated

— SEE impact analysis in process for susceptible parts; no issues
anticipated

Confirmation Review 17 - 19 June 1997 SE-17



“» MAP Total Dose Curve

Svstems Enaineerina

Dose at the Center of Solid Aluminum Spheres
MAP: L2 +Phasing Loops, Solar Maximum
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“” LET Spectra

— Systems Engineering
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”m MAC Box Analysis

— Systems Engineering

MAC Box
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HAW PSE Box Analysis

— Systems Engineering

PSE Box
, (Total Dose Vs. Board)
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“” S/C Charging &

— Systems Engineering

e Environment benign at L2

—Vulnerable during geosynchronous-like region of phasing loops (6-
10 earth radii, ~3 hours/7day loop)

« Mitigation
— External surfaces conductive (<10° ohms/square) and grounded

* Issues being worked:

— Conductivity of SiOx coating on reflector not yet known

 Building test samples for measurement; will complete by TRS CDR in
August

— Handling difficulty of Fep/Ag/ITO on sun-side webbing between
solar panels
» Obtaining test samples for analysis
* Investigating other materials (bakelite)
* Investigating necessity of conductive requirement on the sun-side
» Analysis complete prior to flight blanket fabrication (1998)
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“’Aﬁ Contamination ﬁ

— Systems Engineering

 MAP relatively insensitive to particulate contamination
— Visibly clean per JSC-SN-C00005, Rev C
— Class 100,000 facilities sufficient for I1&T activities
— Particulant contamination levels maintained by inspection and cleaning ,
facility monitoring
» Condensable contamination sources are propellant, MLI, and truss
structure
—~50,000 A of condensables on reflector and radiator surfaces acceptable
— Analysis results show < 20,000 A deposition on surfaces, stacked worst
case; much less on reflector surfaces
Humidity poses potential problem for unpassivated HEMT amps
(W band only)
— 1&T activities will be performed in a 40-60% relative humidity environment
—HEMT’s will be purged during periods of inactivity with dry gas
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“» MAP Thruster Summary

— Systems Engineering

MAP Thruster Summary

NH; Deposition on Critical Surfaces (A/kg fuel)

LOCATION #3 Thruster #4 Thruster #5 Thruster | #6 Thruster
30° 45° 30° 45°
Primary Mirror
-Y side(#25) 104.4 7.5 104.4 7.5 1.1 0
+Y side(#26) 104.4 7.5 104.4 7.5 0 1.1
Secondary Mirror
-Y side(#27) 242 2.7 242 2.7 0.1 0
+Y side(#28) 24.2 2.7 24.2 2.7 0 0.1
Radiator
+X side(#4 facing -Y) 0 0 0 0 0 0
+X side(#10 facing +Y) 0 0 0 0 0 0
-X side(#16 facing -Y) 0 0 0 0 562.7 0
-X side(#22 facing +Y) 0 + 0 0 0 0 562.7

[1]. #3 and #4 are cold-side thrusters; considered both cant angles (30° and 45°).
[2]. #5 and #6 are radial-side thrusters.

[3]. Assumed all impinged plume products stick to surfaces.

[4]. Considered H,O and NH; as two major constituents.

M * ™ Plume Summary 06/97 Philip Chen
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MAP Thruster Summary
(continued)

— Systems Engineering

MAP Thruster Summary (continued)

HO Depositibn on Critical Surfaces (A/kg fuel)

LOCATION #3 Thruster #4 Thruster #5 Thruster | #6 Thruster
30° 45° 30° 45°
Primary Mirror s
-Y side(#25) 11.1 0.8 11.1 0.8 0.1 0
+Y side(#26) 11.1 0.8 11.1 0.8 0 0.1
Secondary Mirror
-Y side(#27) 2.6 0.3 2.6 0.3 0 0
+Y side(#28) 2.6 0.3 2.6 0.3 0 0
Radiator
+X side(#4 facing -Y) 0 0 0 0 0 0
+X side(#10 facing +Y) 0 0 0 0 0 0
-X side(#16 facing -Y) 0 0 0 0 59.5 0
-X side(#22 facing +¥Y) 0 0 0 0 0 59.5

[1]. #3 and #4 are cold-side thrusters;‘ considered both cant angles (30° and 45°).
[2]. #5 and #6 are radial-side thrusters.

[3]. Assumed all impinged plume products stick to surfaces.
[4]. Considered H,O and NH; as two major constituents.

MAP Plume Summary 06/97 Philip Chen

Confirmation Review 17 - 19 June 1997
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“” Orbital Debris Q

— Systems Engineering

» Potential debris sources limited to:
— Delta 3rd stage and yo-yo cable
— MAP solar array deployment cable

* Preliminary analysis shows these items to be within
acceptable guidelines (per NSS 1740.1H)

— Due to highly elliptical orbits of the items, time spent below
<2000 km is small

« Post-mission disposal policy guidelines not applicable to
MAP spacecraft at L2
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MAWP  vA0R TRADES %ﬁ

— Systems Engineering

 Increase momentum storage of reaction wheels
— More robust acquisition and observing mode

» Vehicle yo-yo despin instead of spacecraft yo-yo
— More cost efficient

» Change spacecraft maneuver strategy to achieve required
predictability
— Steer observatory rather than thrust vector
« Shaped vs. pure conic optics
— Improved spatial resolution

Confirmation Review 17 - 19 June 1997 SE-27



PN MAP

Deployed Configuration

Systems Engineering

Thermal Reflector

/ o

HMicrouvwvavwe System

Electronics Subsystem
Solar Array/l
Sum Shade System

b4 +Z \\X

MAFPF — DEPLOYED COMEIGCGUORATION
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— Systems Engineering

MAP SYSTEMS

THEERFHMAIL:. RFEFLECTOR

4"

199"

SPLACECRAET
BIOS
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— Systems Engineering

Confirmation Review 17 - 19 June 1997
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— Systems Engineering

.

Division of Pressure Systems tnc.
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“» MAP Microwave System

— Systems Engineering
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RNy MAP

Differencing Assembly

— Systems Engineering

~ HybridTee 4
TR - Cold Amp’s - |
- FeedHorn e

—  RxBporton
. ofDAS
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“”AP Microwave System

Systems Engineering

Confirmation Review 17 - 19 June 1997
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MAP Top View

Systems Engineering
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Signal Channel 40 Signal Channels
Radiometer 20 Phase-Matched
____________________________ e ______Radiometers
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Systems Engineering

MAP Top View

SE-38
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Systems Engineering

MAP Bottom Deck
Components

DSS

MEDIUM GAIN
UMBILICAL

FILL & DRAIN

SE-39

Confirmation Review 17 - 19 June 1997



Mm MAP Signal Flow

— Systems Engineering

Power Subsystem

Command

e & Data > Power Distribution FPA
X-ponily . Handling == S22 Unit
Subsystem ‘ : (PDU)
(C&DH) 1 : Hemt Amps
1
! : Wave
| Guides
1
Attitude : Hemt Amps
Control : . Phase Switch
I Digital
: Electronics
1 Unit
! (DEU)
IL - lzine Drivers
CMD &
Data I/F RXB
Science and Mission Office of the MAP
Operations Center Experiment General > 28V Power
SMOC ive (OMEGAY Rl = oo -. .
CMOO) 1773 Fiber

DSN GSFC

Confirmation Review 17 - 19 June 1997



“» Instrument Electronics Block 3

Diagram

Systems Engineering

28 Voltd

Cold Hemt Powver

Warm Hemt Power

Phase Switch Power

Line Driver Power

Temps

SpaceCraft

1773 1/F

2500 Hz
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ey

— Systems Engineering

Electrical System Design

NiH Control/ PSE
Battery Monitor
SIA Power
9 nts)
Solar {8 sognents) PSE RSN PSE LVPC
Array | _TempStat
css C&DH C:sMNM . “*““‘*“
data to TRANSMITTER POWER Lvec N . SPACECRAFT
ACE power] LhoMT : SURY HEATER
UNSWIT RECEIVER POWER ‘
1 . SURV
?\: t'::tn :. oo |-Sep Sinals . REACTION INSTMENT | HTR
" Connector Umb Power C&DH ¢ . V::EEsL POWER [l POWER
(aty2) | WA Signals
(Shand . NED POWER Y
RF 2.048 Mbit TLM POWER
* Signal —_
‘e o GN 2 Kbps CMD Mongoose | _ . _ . _ ... . . A1 .. Instrument
X-ponder X-ponder HK R Micro(BC) RSN (DEU)
CommRSN [""""""°"" N v
NED FIRE CMD [
Deployable 1« SIA Deploy Status » HKRSN Jocomeenes N D Lo
(NED) o
ACERSN =" -uni-f-f------- to
::\IE %g . Instrument
RCS OP HTR " R .
POWER DS .
(11 services) ACE ¢ Fine Sun Data S .
o POWER :
Sync Signal ST
X-ducer POWER
POWER (IRU#182)
| CATBED HTR POWER )
RCS | THRUSTER CMD le—CreDatada)  foy 4q Y
v IRU HK Control
ISO VALVE CMD le— "k Control )
RCS HK Status RWIE #1
» Wheel HK Status
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“” Standard

Power and Data Interfaces

— Systems Engineering

PSE
Remote Services Node (RSN)

- Standard Data Interface PSE PSE LVPC

- Generic Services: R§N
1773 1/F Lee
Microprocessor and generic software rovEr :

Command decoding and distribution : INSTRUME
Telemetry collection and formatting v o
Operating system and OS services :

- User-specific applications C&DH Thse]. . Comme e INST
1/2 card available for user h/w LU AV RSN
Application-specific software XRSN i

Low Voltage Power Converter (LVPC) i
- Standard Power Interface ACE}........Q......... ! Instrument
- Power conditioning and RSN
distribution LVPC POWER
ACE

- 28V interface to S/C power services LVPC
- Local +-5, 15 and 28V distribution

ACE
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“» Mission Phases

— Systems Engineering

Launch through L +0.0- « Fairing separation
second stage burn L +~13.7 min. at ~5 minutes

» Battery discharging
Coast L +13.7 - » 0.5%sec barbecue roll

L +~64.5 min. | *Arrays normal to sun
* Battery charging

Separation through S+0.0- * Solar arrays deploy

Acquisition S + ~35.0 min. * S/C separates ~180°
from sun

Phasing Loops 2-4 weeks * Nominal 22.5° attitude

 Acquiring science data

Cruise ~3 months * Nominal 22.5° attitude
 Acquiring science data

Observing >= 2 years * Acquiring science data
* Momentum unloading and

station-keeping maneuvers
* Nominal 22.5° attitude

S
?
<
ST
except during maneuvers PW
S
<
ST
<
S
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“” MAP Budgets and Resources

— Systems Engineering

o

e Mass

e Power

* Propulsion

e Bandwidth

e Sensitivity

e Data Loss

o Spatial Resolution
o Systematic Error
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“” MAP Mass Summary

— Systems Engineering

WEIGHT SUMMARY
CURRENT BUDGET %

ITEM DESCRIPTION WEIGHT ALLOCATION MARGIN
THERMAL REFLECTOR SYS 52.0 54.6 5.0
MICROWAVE SYSTEM 118.2 1355 146
INSTRUMENT THERMAL 10.3 11.3 10.0
INSTRUMENT ELECTRONICS 46.5 53.5 15.0
INSTRUMENT HARDWARE 49 5.6 15.0
ACS 525 53.2 13
POWER 412 452 038
RF COMMUNICATION 7.2 7.9 9.0
C&DH 11.7 14.0 20.0
ELECTRICAL 36.5 40.2 10.0
PROPULSION 131 14.4 10.0
THERMAL 30.5 31.9 45
MECHANICAL 110.3 122.5 11.0
DEPLOYABLE 48.0 52.8 10.0
ATTACHMENT HARDWARE 5.1 5.6 8.8
INSTRUMENT SUBTOTAL 231.8 260.4 12.3
S/C DRY SUBTOTAL 356.2 387.6 8.8
Fuel/pressurant 41.3 45.0 9.0
Balance weight 10.0 10.0 0.0
OBSERVATORY TOTAL 639.3 703.1 10.0
AVAILABLE THROW WEIGHT 708.0

CURRENT ESTIMATE 639.3

TOTAL CONTING./RESERVE 68.7

% TOTAL CONTING./RESERVE 10.7
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T
““ Mass Margin Management @

— Systems Engineering

* Analyzed margin required at the component level based
on maturity
— Estimated - 20% margin
— Calculated - 10% margin
— Prototype/engineering model - 5% margin
— Flight hardware - 0% margin

e Developed margin release plan based on component
development milestones

* Monthly tracking of subsystem mass estimates

 If margin available falls below margin required, a mass
descope Is triggered
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— Systems Engineering

MAP Mass Summary
6/10/97

WEIGHT SUMMARY S
' | CURRENT % % % % BUDGE :

~ ITEM DESCRIPTION  WEIGHT EST. CALC. ENG. UNIT ACTUAL ALLOC.

Instrument Electronics | g{ I T
PDU .50 39.00 61.00 - 0.00 0.00 3.41

2200  50.000  50.00] 0.0 0.00 3.30

AEUDEU

ToTAL . |~ 4es0 4420,  s5.80]  0.00 0.00 6.7

Hardware

TRS bolts | o=20 0.00 100.00 0.00 0.00 0.03
Microwave system bolts/brackets | ~4.70 90.00 10.00 0.00 0.00 0.71

TOTAL .| .. 490 86.33 13.67| . 0.00 0.00 0.7

INSTRUMENTBUSTOTAL |  227.94 27.23|  60.06]  10.99 1.58 27.4
SICBUS _
(E) RW & RWE (3) o o 42.30 0.00 0.00 0.00 100.00 0.00
DSS & DSSE 1 1.60 0.00 0.00 0.00 100.00 0.00
CSS (6) ) , ) o 0.20 0.00 0.00 0.00 100.00 0.00
Star Tracker o 4.75 0.00 100.00 0.00 0.00 0.48
Gyros o i ] - 3.65 0.00 10.00 90.00 0.00 0.20

ACS TOTAL | 5250 0.00| 9.74 6.26 84.00 0.68

C&DH . L o , .
C&DH/ACE (MAC) - 11.70  55.20 0.00 44.80 0.00 2.34

C&DH TOTAL 11.70 55.20 0.00 44.80 0.00 2.34

Page 2
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— Systems Engineering

MAP Margin Release Plan

_ MAP WEIGHT SUMMARY Control . I IR REQUIRED MASS CONTINGENCY (kg
Mass (kg) |Apr-96 [Jul-96 |Qct-96 {Jan-97 (Apr-97 [Jul-97 |Oct-97 [Jan-98 [Apr-98 Jul-98 Oct-98 (Jan-99 [Apr-99 |Jul-99 [Oct-99 :Jan-00 Apr-0U .Jjul-00 Oct-00
or System_Total " “a49.00 2.45 2.45 2.45 2.45 2.45 2.45| __2.45| 2.45| 2 0.00 0.00 0.00 0.00 0.00 0.vu 0.00. 0.00
Thermal Comp s Total 1.55 1.55 1.55| __1.55| 1.55 1.585 1.55 1. 1.55 1.55 1.55 0.52 0.52 0.52 0.00. 0.00
Differencing assy 3.01 3.01 3.01 3.9t 2.11 I . 0. _..0.90 0.90 0.90 0.00 0.00 0.00. 0.000 0.00
Feeds ; _1.29 1.29 1.29 1.29 1.29 1] 0. _0.00 0.00 0.00 0.00 0.00 0.00° 0.000 0.00
Absorber 0.40] o©0.40] o0.40] o.40] o.28| 2 0.1 0.12 0.12| 0.00 ©0.00/ 0.00; 0.00; 0.00/ 0.00
Gamma Al Cylinder_ 1.97 1.97 . 1.97 1 _ 1.3t} ©.00 0.00 0.00 0.00 0.00 0.00, 0.00. 0.00
5.43 5.43 . 7 .36 1. 0.00 0.00 0.00 0.00 0.00 0.00/ 0.00 0.00
3.63 3.63]| . 3.63] _0.91 0. 0.00 0.00 0.00 0.00 0.00 0.00 0.00. 0.00
3.68 3.68 5 2. 1. 1.23 1.23 0.00 0.00 0.00 0.00; 0.00! 0.00
3.30 . 3.30 ol _2.20|__1. _1.10 1.10 0.00 0.00 0.00 0.00{ 0.00 000
P 1.45] a3l _o0.73 ] 0. 0.73 0.73 0.73 0.73 0.00 0.00; 0.000 000
4 0. 0.74 9 0.25 Q. [ 0.25 0.25 0.00 0.00 0.00 0.00; 0.00 0.00
K 8l 0. 0.68 8 0.68 0.6 0. 0.00 0.00 0.00 0.00 0.00 0.00{ 0.00, 0.00
. 4 2.3 2.34 9ol o.s9 0. 0.00 0.00 0.00 0.00 0.00 0.00 0.00, 0.00, 0.00
3.65| .65 3,6 3.65 3 1.83) 1. . 1.83 1.83 1.83 1.83 0.00 0.00/ 0.00; 0.00 000
0.36]_ 36 0. 0.36 6| 0.38 0. . 0.36 0.00 0.00 0.00 0.00 0.00; ©0.00: 0.00 c.00
Battery (NiH2) . 2.14 .14 2.1 2.14] .14 2.14] 1. _ 1.07| _ 0.00 0.00 0.00 0.00 0.00: 06.00° 0.00, 0.00
cells (6) -31 m-2 _1.20 .20 1. 0.60 .60{ 0.60 0.6 0.60| o0.00 0.00 0.00 0.00 0.00 0.00; ©.00 0.00
_.0.71 .71 0. 0.71 1| o.00 0.00{ = 0.00 0.00 0.00 0.00 0.00 0.00 0.00;, 000 000
Propulsion Total _1.31 .31 1. 1.31 1] 1.31 0.65 0.65 0.65 0.65 0.00 .00 0.00 0.00: 0.00° 0.00
S/C Thermal Total .31 .31 1. 1.31 .31 1.31 1.31] 1.31]  1.31 1.31 1.31 0.65 0.65. 0.65. 0.00 0.00
S/C Struc  Tota 9.24 .24 9 9.24 4 9.24 9.24| 4.62 4.62 4.62 0.00 0.00 0.00! 0.00; 0.00, 0.00
2.69 .69 2. _2.69 .69 1.79 1.79  1.79| 1.79 1.79 0.90 0.90 0.90 0.00, 0.00, 0.00
Deployable Tot: 4.80 80 4 4.80 __4.80 4.80 4.80 2.40| 2.40 2.40 0.00 0.00 0.00 0.00,  0.00  0.00
S/C Bolts Total 0.77 0. 0.77 0.51 0.26 0.26 0.26 0.26 0.26 0.00 0.00 0.00 0.00! o0.00i o000
>ropellant Margin _.3.70 3. 3.70 3.70 3.70 3.70 3.70 3.70 3.70 3.70 3.70 3.70 3.70/ 3.70 3.70
3 63 62.16 51.33{ 43.33{ 41.60| 30.99] 22.42| 22.42| 10.90 6.49 5.76 4.87.  3.70. 3.70

- - t
i
- 1
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“» MAP Power Budget

— Systems Engineering

MAP Observatory Power Margins as a Function of Mission Phase
(all powers in watts)

Go Int Post-Sep Safehold Maneuver  Observing
Power through Sun Mode @25° Mode @25° @22.5°
Through Acquisition
Separation
Continuous Mins per 87.5 35.0 Indefinite Up to 60 Indefinite
Phase
S/C Subsystems
MAC
C & DH & XRSN 20.3 20.3 20.3 20.3 20.3
ACE 7.1 7.1 7.1 7.8 7.1
ACS Components 45.0 105.0 80.0 80.0 80.0
Propulsion 15.3 15.3 0.3 48.6 0.3
Communications 34.0 34.0 34.0 34.0 34.0
Power 15.8 15.8 15.8 15.8 15.8
Harness 3.8 9.5 4.5 5.7 4.5
Thermal Control 12.6 24.4 21.0 21.0 21.0
Current Estimate 153.8 227.4 182.9 233.2 182.9
Allocated Contigency 12.8 32.9 14.4 1.6 14.4
% Contingency 8.3% 14.5% 7.8% 0.7% 7.8%
Budget Allocation 166.6 260.3 197.3 234.8 197.3
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— Systems Engineering

Confirmation Review 17 - 19 June 1997

“” MAP Power Budget, Continued

MAP Observatory Power Margins as a Function of Mission Phase

Continuous Mins per
Phase

Instrument

FPA

RXB

PDU

AEU

DEU

Current Estimate
Allocated Contigency
% Contingency
Budget Allocation
Observatory

Current Estimate
Allocated Contigency
Margin to Power Avail
Budget Allocation
Observatory Power
Available

Source of Power Limit
Estimate: 23Ahr

Depth of Discharge At
End
Margin vs. 60% DOD

(all powers in watts)

Go Int Post-Sep Safehold Maneuver  Observing
Power through Sun Mode @25° Mode @25° @22.5°
Through Acquisition
Separation
87.5 35.0 Indefinite Up to 60 Indefinite
0.0 0.0 2.5 2.5 2.5
0.0 0.0 18.1 18.1 18.1
0.0 0.0 414 41.4 414
0.0 0.0 76.0 76.0 76.0
0.0 0.0 5.3 5.3 5.3
0.0 0.0 144.1 144.1 144.1
0.0 0.0 28.8 28.8 28.8
20.0% 20.0% 20.0%
0.0 0.0 172.9 172.9 172.9
153.8 2274 327.1 377.3 327.1
12.8 32.9 43.2 30.4 43.2
N/A N/A 20% 4% 22%
166.6 260.3 370.2 407.7 370.2
3924 392.4 400.0
Battery Spec gives 300 From From From
W-Hrs @60% DOD arrays at arrays at arrays at
2R° 2R° 29 Re
12.3% 41.0% 2%
79.5% 31.7% 96.0%




“A' MAP Launch Power Budget

Systems Engineering
Below is the working, nominal launch case, July to Feb Launch.

TotalS/A PwiSpAx/Batt Batt PSE PSE ACEACS Components Propulsion
Time S/C AvailSunAng V. | BSOC Diss. C&DHEVDReact ST& Thrust Trans Therm

Mission Modes sec min LoadiStowmir149.4Batt C= 23 \ XRSNIlogic)Whee IRU DSS|CBHtrEVD pondrHarn¢ Ctrl NEDOthei
1 Go Internal P start -15 969 0 nla 27.0 -4 100%15.77 04 203 71 O 15 0 0 0 4 19 129 0 20.0
2 Launch stop 0969 0 nla 27.0 -4 96.1%15.77 04 203 71 O 15 0 0 0 4 19 129 0 200
3 End 1st Stage Burn 4359.9 0 nla 270 -4 950%15.7704 203 71 O 15 0 0 0 4 19 129 0 20.0
4 Fairing Sep 294 49969 0 nla 27.0 -4 948%157704 203 71 O 15 0 0 0 4 19 129 0 20.0
5 End 2nd Stage Burn 9.859.9 0 80 27.0 -4 935%15.7704 203 71 O 15 0 0 0 4 19 129 0 200
6 At Coast Attitude 820 13.7 969 O 85 27.0 -4 926%15.7704 203 71 O 15 0 0 0 4 19 129 0 20.0
7 Eclipse 22 969 O 85 27.0 -4 904%157704 203 71 O 15 0 0 0 4 19 129 0 20.0
8 Exit Eclipse 42 97.1 149 85 272 2 852%157729 203 71 O 15 0 0 0 4 19 131 0 200
9 CB Htrs On 3450 57.5112.7 149 86 272 1 873%157732 203 71 O 15 0 153 O 4 23 130 0 200
10Transmitter On 3750 62.5143.3 149 85 270 0 88.0%157739 203 71 O 15 0 153 O 34 30 129 0 200
11End Long Coast 3855 64.3143.3 149 85 27.0 0 88.0%157739 203 71 O 15 0 153 0 34 30 129 0 200
12At 3rd Stg Burn Att | 3975 66.3143.2 122 55 269 -1 881%15.7734 203 71 O 15 0 153 O 34 30 127 0 200
13End 3rd Stage Burn | 4050 67.5143.2 122 55 269 -1 88.0%15.7734 203 71 O 15 0 153 O 34 30 127 0 200
14SW Turn Wheels ON4290 71.5174.8 124 56 26.8 -2 878%157736 203 71 30 15 0 153 1 34 38 126 0 200
15Yo0 Yo Despin Complét845 72.4173.8 122 55 268 -2 87.7%157735 203 71 30 15 0 153 O 34 38 126 0 200
16Separation 4350 72.5173.8 122 55 26.8 -2 87.7%157735 203 71 30 15 0 153 O 34 38 126 0 200
17Start NED/Wheels 4360 72.7459.1 0 nla 24.6 -19 87.7%15.773.7 203 7.8 2316 15 0 153 O 34 88 106 80 20.0
18S/A Deploy Complete4660 77.7541.3 0 nla 24.1 -22 80.9%15.7750 203 78 381 15 0 153 O 34 127 195 0 200
19Wheels to 127W 4572 76.2541.3 0 nla 24.1 -22 83.3%15.775.0 203 78 381 15 0 153 O 34 127 195 0 200
20Max Wheel Power 4632 77.24189 0 nla 24.8 -17 81.7%15.773.1 203 71 261 15 0 153 O 34 97 207 0 200
21Rate Null/Wheel Desplii52 79.22435 0 nla 247 -10 79.2%15.7712 203 71 9 15 0 153 O 34 55 205 0 200
22CSS Acquisition Compidie 108 246.4 329 45 264 3 59.0%157773 203 71 9 15 0 153 O 34 55 234 0 200
23Acquired (35min) 6610 108 247.4 443 25 269 7 59.0%15779.7 203 71 9 15 0 153 O 34 55 244 0 200
24Steady State 200 234.6 443 25 285 7 100.0%15.7798 203 71 90 15 O 0 0 34 52 272 0 200

Max DOD= 41.0%
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“» MAP Launch Power Profiles

— Systems Engineering

MAP Spacecraft Power Profile during Launch

600.0

500.0
E 400.0 /
§ 300.0 /
gZO0.0 /
100.0
0.0

M4
7
T2 |
72 |
168

Time, min

MAP Battery State of Charge during Laun

100%

%50%

0%

*iE R IEARRRE

Time, mii

MAP Spacecraft Battery Current Profile during Launch

10

Battery Current

-25

Time, min

MAP Power Bus Voltage during Laur

"B piEiRREeE®

Time, mir
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— Systems Engineering

Below & the naxinenm Corvection Maneuver. - - ‘ ‘ :
Total S/APwr SpAv Batt Batt PSE PSE .~ ACE |ACS Conpponents | Propulsion
YAWI Toe S/C Aval Swg VI BSOC Diss. CRDH +EVD| React ST& Thruster| Trans Therm
Mssion Mbdes  min  Load| BuC= 23 NRSN ogic [Wheek IRU - DSS | (B END | pondr Thmes Qi kstr Other
I ACS Atiude 03610 5 25 312 5 1006 IST7 124 203 78 S 15 M4 153 0 4 48 12 145 2
> 93610 6 80 202 -0 0% 1577 36 203 78 5115 14 1S3 0 4 48 12 4S5 2
3 Start Thusters 0348 167 70 295 -8 991577 63 203 78 51 IS 14 153 3 40 56 12 145 20
4 Thruster Minewer 5348 167 0 290 8 SL%ISTI 63 03 78 51 IS 14 1S3 3 4 56 12 145 2
5 Asune 2l munewer. 10 348 167 | 70 200 8 82%1577 63 203 78 SI 15 14 153 3 40 56 12 45 2
6 Akl I8mintoeachend. 33 348 167 . 70 279 8 655%1S77 63 203 78 51 15 14 153 3B 4 56 12 145 20
7 33348 167 0 219 8 6L5% 1577 63 203 78 SI IS 14 153 33 40 56 12 K5 0
8 43348 167 0 279 8 NS%ISTI 63 03 78 51 IS5 4 153 3B 4 56 12 45 20
9 48348 167 0 279 -8 % IS71. 63 203 78 51 15 14 153 3 40 56 12 M5 20
i 3348 268 | 60 264 5 5% 1577 86 203 78 SI 15 4 153 3B 40 56 12 45 2
10 58348 315 S5 266 -3 411% 1577 96 203 78 51 IS 14 153 3 40 56 12 45 2
12 63 3948 359 @ 50 68 -1 457% 1577 106 203 78 51 1S 14 153 33 4 56 12 145 0
13 68348 436 40 272 2 450% 1577 116 203 78 51 15 14 153 3B 4 56 12 145 20
14 73348 493 30 275 4 458% 1577 122 03 78 51 IS 14 153 3B 40 56 12 145 20
16 78 348 S35 20 277 5 415% 1577 130 203 78 Sl IS5 14 153 3 4 56 12 45 20
15 83348 50 15 207 5 S0%I577 133 203 78 S1 15 14 153 3 40 56 12 45 20
17 88348 561 10 207 6 S26%1577 136 03 78  SI 1S 4 153 3 4 56 12 145 20
13 93 348 50 0 298 6 553% 1577 138 203 78 51 IS5 14 153 3 4 56 12 145 20
19 98 3M8 59 0 208 6 S8IST7 138 203 78 Sl IS 4 153 3 40 56 12 145 20
2 121 348 560 0298 6 74% 1577138 203 78 51 15 14 153 33 4 56 12 145 20
21 End Manewner 126 348 569 0208 6 T3%IST7 138 03 78 51 15 14 153 3 40 56 12 4S5 20
2 Steady Stae 168 348 569 0312 6 ®WMISTT 138 03 78 51 15 14 153 33 40 56 12 45 20
1 e e e R | | _
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““ Propulsion Budget

— Systems Engineering

Maneuver \V/ |Propellant |Duration
Name [m/s]|[kg] [min]
Thruster Calibration 1 0.4 2
Maneuver for 20 min. launch slip 10 3.8 16
Phasing loop maneuvers before PF 30 11.1 56
Final perigee maneuver, PF 30 10.9 63
Correction maneuver after final perigee 15 5.4 34
Mid course correction, MCC 10 3.6 24
Stationkeeping for two years 8 4.1 28
EXxpulsion residuals 0.7
Momentum management & spin down 1

Line residuals 0.3

Totals 104 41.3 223
Contingency for phasing loops 10 3.7 17
Totals with contingency V 114 45 240

Assumptions: - worst case delta-V trajectory fuel use
- 5% thruster inefficiency imposed

- steady state Isp 220 s (probably achieve 227)
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— Systems Engineering

Data Source

Real Time

Events

Processors

Science TIm

Science

Confirmation Review 17 - 19 June 1997

Virtual Channels/Recorders?

Function RealTime Recorder Playback
VC VR VC
Health and Safety, Non Science 0 1 1
Software Status/Events Messages 0 2 0
Memory, Table Dump 0 N/A N/A
Health and Safety, Non Science 0 1 1

Map Science N/A 3 3
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Hm System Record/Playback

— Systems Engineering

3573 Instrument Record Rate BPS (VR3)
2750 S/C Record Rate BPS (VR1) .

666667 - Total RF Link Bit Rate BPS
3500 Assigned VC 0 Bit Rate BPS
750 Margin for VCO Async BPS

563167 Playback Packet Bit Rate BPS (VR1, VR3)

9.1 24 Hr Science Playback Time Min

7.0 24 Hr S/C Tilm Playback Time Min

E-57
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m Telemetry Bit Rates

—— Systems Engineering

Total Filter

ACE Subsystem
ACS S/W Subsystem
CDH S/W Subsystem
Comm Subsystem
Deploy Subsystem
Hskpng Subsystem
Inst Subsystem
Prop Subsystem

P S E Subsystem

Spare Subsystem

Confirmation Review 17 - 19 June 1997

Bit Rate

Filter
Filter
Filter
Filter
Filter
Filter
Filter
Filter
Filter
Filter

Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit

MAP VCO0 Packet Summary

Rate
Rate
Rate
Rate
Rate
Rate
Rate
Rate
Rate
Rate

500
900
180
160
10

290
150
10

200
350

Miss
1

Allocation: (2750)

2743

483
980
141
145
8
94
175

158
550

Interval / Rates

Telemetry
Engr Launch TD@S
2 3 4

(16000) (16000) (1700)
12533 12390 1580

1539 1539 170
4054 3550 391
233 233 141
278 404 145
63 252 252
252 300 90
189 237 45
1184 1184 148
211 259 158
4530 4432 40

Miss
1
(2750)

2743

483
280
141
145
8
94
175

158
550

6/9/97

Archive

Engr Launch
2 3

(16000) (16000)

12533 12390

1539 1539
4054 3550
233 233
278 404
63 252
252 300
189 237
1184 1184
211 259
4530 4432
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“» Downlink Rates

— Systems Engineering

CMD BIT Rate Rate Packet BPS VCO BPS VC1 to VC3 BPS
4 1,200,000 Prime Mission L2 Rate 1/4 -2.4 dB 1,020,000 3,500 1,016,500
5 1,000,000 Prime Mission L2 Rate 1/4 -1.6 dB 850,000 3,500 846,500
6 857,143 Prime Mission L2 Rate 1/4 -0.9 dB 728,572 3,500 725,072
7 750,000 Prime Mission L2 Rate 1/4 -0.4 dB 637,500 3,500 634,000
8 666,667 Prime Mission L2 Rate 1/4 566,667 3,500 563,167
9 600,000 Prime Mission L2 Rate 1/4 +0.6dB 510,000 3,500 506,500
10 545,455 Prime Mission L2 Rate 1/4 +1.0 dB 463,637 3,500 460,137
12 461,538 Backup Mission L2 Rate 1/2 392,307 3,500 388,807
26 222,222 Moon to Med Gain 188,889 3,500 185,389
59 100,000 Launch to Moon 85,000 3,500 81,500

966 6,205 Emergency Omni 5,274 5,274 0

2999 2,000 TDRS & Power on Default 1,700 1,700 0

186 32,086 I&T realtime, Realtime only 27,273 27,273 0
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“” Instrument Systems Overview

— Systems Engineering

* Radiometer/AEU/DEU Signal Flow and
Data Collection Overview

* Major Requirements Error Budgeting

— Systematic Errors
— Sensitivity
— Spatial Resolution
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— Systems Engineering

Focal Plane Assembly

Receiver Box

Analog
(FPA); <95 K (RXB); ~293 K Electronics 10V = 781 uV
Typical A' ide Feed @ Unit (AEU) 12,800 cts count
-side Fee
Signal B.,A,B,A : S -
A [on] | )y masafell o ToDEU: o
Flow for ﬂ Hybrid Hybrid Driver (1 of 40)
_ Tee | Tee - | Counter:
[l VAR vy ) e ) | R D e Gy ot
+/- 5 Volt range
B-side Feed Gain = Gain = (0to 12,800 counts)
~100 @ ~50 @
Noise Temp 15K I S G [
(Tsys)
Noise Spectr.
Densli)ty 2.1 mK-Vsec
Sensitivity 13.2 mK/Sample
Modulate(jl by Typical 100 uK anisotropy =
Ph S h
ase SWIic 1/47 of a count, or ~16.6 uV
(4051?2500 HZ " into the V/F converter
usec perio
ABAB A 1 K offset = ~224 counts
~7 mv a in this example
w2 | o
Analog (T-offset) @
+175 mv
Detected - +175 mv
Signal al |a a -b
DA Responsivity ~1000 mv
is set to convert @ 145K
Tsys to ~ 1V out (T-sys) ] 0 Vols
of the Line Driver The DC value o
equals (a-b)/2
2
0 Volts L 175y
Digital 6624, 6626, 6620, 6627, ...
Samples

Confirmation Review 17 - 19 June 1997

(values sent-to the DEU =
6624 mean (6400+224)
426 =~ 11-12 counts)
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““ MAP s Data Collection Strategy

—— Systems Engineering

* Al 40 channels are integréted in the AEU and dumped to the DEU as 40
“samples” every 25.6 milliseconds

— Greatly simplifies the design of the AEU by allowing identical circuit layouts to be

used for every channel; only one board design is required, and only one set of
timing interfaces is needed. '

 “Observations” are created in the DEU by co-adding the appropriate

number of 25.6 msec samples such that the spatial resolution and data
rate drivers are balanced:

Samples/ msec/ FWHM Sampling
Observation Observation  Beam (®) Factor

- K 5 128.0 1.10 3.2

- W 2 51.2 0.22 1.6

* A time-tagged “Science Packet” is formed every 1.536 seconds

— Integral numbers of Observations are formed for each channel because the Samps/

Obs in each band (5(K,Ka), 4(Q), 3(V), 2(W)) all divide evenly into the 60 samples
produced by each channel in 1.536 secs.

— Observations collected in a science packet are sent to S/C for lossless compression

SE-62
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“ How Samples are Combined into
Observations in Each Band

— Systems Engineering

- - ‘ ’
L1536
3
128
1) Each square
represents a 25.6 )
msec S . 102.4
ample;
2
2) Adjacent squares of 6.8
the same color/number 2
are combined into one 51.2
Observation:
25.6
msec
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“m Sensitivity is Not Sacrificed for ﬁ
)

Dynamic Range (W-band shown

— Systems Engineering

* Thermal fluctuation (rms) expected for one 51.2 msec Observation = ~9.3 mK
* We desire for this noise to exercise an average of 4 counts (rms)

* Therefore, 9.3 mK/4 counts = 2.33 mk/count is the sensitivity desired in each
downlinked Observation |

* Since we accumulate 2 W-band Samples/Observation, we can tolerate 1/2 the
sensitivity per count for each Sample, or 2 x 2.33 = ~4.7 mK/count

* The resulting dynamic range for the 12,800 counts provided in the AEU A/D
counter is therefore 12,800 counts * 4.7 mK/count = ~60 K, or +/- 30 K

* Note that co-adding “n” samples in the DEU to form an observation effectively
multiplies the A/D counter range by “n”, and therefore increases the dynamic
range by “n” without degrading resolution.

* MAP’s dynamic range (£20 to +30 K) provides large margins against ever
being off-scale once cold on-orbit.
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“» MAP Timing Overview

— Systems Engineering

* A 24 MHz clock in the DEU is used to derive the master 1 MHz clock
that is the basis for all of the Instrument’s timing signals:

— 1 MHz AEU V/F Converter Clock
— 5000 Hz Blanking Pulses
— 2500 Hz Phase Switch Clock

— 39.0625 Hz Sample Pulses (i.e. 25.6 msec period)

* Data generation & collection for all 40 channels are synchronized using
only these 4 clock signals

* Conclusion: MAP’s timing is simple, and is especially easy to implement
due to the uniform sampling approach adopted for all channels
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“» Major Instrument Error Budgets

3

— Systems Engineering

Introduction

* Systematic Errors

Sensitivity

* Spatial Resolution

Confirmation Review 17 - 19 June 1997
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“ Requirements Derivation Process

— Systems Engineering

Major Mission Science
Requirements

—P * Sensitivity

* Systematic Error

* Spatial Resolution

. Requirements
Estimates

Flow

System Analysis and Flowdown
Derive Detailed Implementation Requirements
* Modeling
* Testing
¢ Analysis

¢ Science Team
* System Engineering
* Lead Engineers

Thermal
Spec

Spec

Confirmation Review 17 - 19 June 1997

Spec

Differencing
Assembly
Spec

Feed
Spec

Electrical
Systems Spec

Spacecraft
Subsystems

Specs
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“» How Big is Our Haystack? Q

How Smallis our Needle?

— Systems Engineering

* Noise Temperature (Tsys; W-band): 145,000,000 uK

* Cosmic Microwave Background (CMB): 2,728,000 uK
* CMB Dipole (0-peak): ~ 3353 uK
* (CMB Anisotropies (rms): ~100 uK
* MAP’s Sensitivity Spec (rms): | 20 uK

* MAP’s Systematic Error Spec (rms): 4.5 uK
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SMAW Sysematic Error Introduction

— Systems Engineering

* The key to MAP’s success will be how well it controls Systematic Errors!

* “Systematic Errors” are temperature differences reported by MAP that are
induced by non-random sources other than the CMB Anisotropies [and
which do not average down with time as quickly as random noise does].

 We have three lines of defense:
— #1 Eliminate systematic fluctuations that give rise to Systematic Errors

* Drove our entire mission design, as previously discussed
— #2 Monitor the systematic fluctuations and correct for the Systematic Errors

* Slow drifts (~1 hour or longer) are removed by calibrating against the dipole

* 0.5 mK monitoring of selected sensitive components is provided to bound/correct errors

* RF bias monitoring of all 40 channels is provided to track gain fluctuations

* Of most concern are spin-synchronous errors, as they most effectively mimic CMB signals
— #3 Filter and remove the contaminated data
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— Systems Engineering

Internal Emission Sources

MAP's SPIN-SYNCHRONOUS "SYSTEMATIC ERROR" ERROR BUDGET
~ (Overview; Assumes 1 K Offset)

SYSTEMATIC ERRORS (uK; 1 sigma)

Requirement [In the final map] : 4.5
Mapping Suppression: x2
Allowed in the Data: 9.0
Est. Rollup (vs. allowed in data): 8.1

Additive Error
A Signal o
o

"

Errors Due to SPIN-SYNCHRONOUS

Common Mode and Differential

TEMPERATURE VARIATIONS Acting on

Fixed Emissivities

lEstimate Rollup (uK) 4.5

* Applies to components prior to amps

(i.e. reflectors, feeds, OMTs, WG, Hybrid Tees)
* Common mode temp rqts: <0.6-10 mK rms

« Differential mode temp rqts: <0.03-2 mK rms

» These temperature rqts apply at t+-SPIN!

Multiplicative Electronics Sources

Errors Due to SPIN-SYNCHRON GAIN_
VARIATIONS Acting on the Fixed DA
Radiometric Offset

Multiplicative Error

Estimate Rollup (uK) 5.2

* Hybrid Tees and Phase Switches make
differential and common mode distinctions
irrelevant

* Drives 3.6 mK rms rqt on PDU and AEU

* Drives 0.5 mK rms rqt on RXB

* Drives 0.5 v p-p S/C Bus Voltage rqt.

* These stability rgts apply at t-SPIN!

<

Additive Error

__Additive Error

A Signal
External Emission Sources

Errors Due to SPIN-SYNCHRONOQUS Sun,
Earth, Moon, and Galactic SIGNAL

VARIATIONS Acting on the Instrument
Sidelobes

Estimate Rollup (uK) 4.0

* Drives Instrument-S/C shadowing rqt.

* Major impact on design of feeds

* Impacts spatial resolution via edge taper

* The above estimate assumes that the Galaxy
contribution is corrected

Additive Electronics Sources

Miscellaneous SPIN-SYNCHRONOUS
Electronics Errors

A Gain -

MAP Confirmation Review

Instr-Sys Page 11

A Signal

>

Estimate Rollup (uK) 1.2

* AEU post-demodulation amplifier offset
variation

* Drives 3.6 mK rms rqt on AEU

* These stability rgts apply at t-SPIN!

Rev-5; SSM/CEJ;6/17-19/97
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“”Why Is It So Important to Mnimize

A-Side/B-Sde Signal Offsets? ,

— Systems Engineering

175 mV
(for an ~1K
W-band
Offset)

Offset)

- ‘a' i 87.5mV
’ l I ' ’ (for an ~0.5K
HEER W-band

s g e

Confirmation Review 17 - 19 June 1997

A 1% gain change will increase
the size of both “a” and “-b” by

1.75 mV, and the DC output will function (per sample) of ~4.7 mK/

increase by 1.75 mV.

With an A/D conversion of 781 uV
per count, and a W-band transfer

count, this represents a 10.6 mK

change in the temperature difference
sensed.

Reducing the Offset between the A
and B sides by a factor of 2 doubles
MAP’s immunity to gain variations'

A 1% gain change will increase
the size of both “a” and “-b” by
0.875 mV, and the DC output

will increase by 0.875 mV.

With an A/D conversion of 781 uV
per count, and a W-band transfer
function (per sample) of ~4.7 mK/

count, this represents a 5.3 mK

ﬁ

change in the temperature difference
sensed.




— Systems Engineering

Excerpt From Systematic Error Detailed Budgets:

Multiplicative Systematic Errors

D=Derived, P=Princeton, N=NRAO, G=GSFC, S=Specification
Spin Synchronous Systematic Errors due to
gain variations acting on the DA radiometric
offset
\Parameter Definitions dG/G=log gain fluctuations® | Toff=DA Radiometric offset

at t-spin

FPA HEMT Amplifier Vdrain (2 units) [dV] | v2*dG/G*Toff dG/G<| 3.E-07 |  |D| Toff< 1000| mk 0.5 uK
FPA HEMT Amplifier Vgate (2 units) [dV] V2*dG/G*Toff |dG/G<| 3.E-07 | D| Toff< 1000/ mK 0.4 uK
FPA HEMT Amplifier Temp (2 units) [dT] V2*dG/G*Toff |dG/G<]| ID|  Tofft<| 1000 mK 0.0 uK
FPA LED (2 units) [dI] V2*dG/G*Toff |dG/G<| 2 D| Tofft<| 1000 mK 0.2 uK
RXB HEMT Amplitier Vdrain (2 units) [dV] V2*dG/G*Toff |dG/G<| D| Toft<| 1000| mK 0.4 uK
[RXB HEMT Amplifier Vgate (2 units) [dV] V2*dG/G*Toff |dG/G<| 2.E-.07 | _|D|  Toft< 1000 mK 0.3 uK
RXB HEMT Amplitier Temp (2 units) [dT] V2*dG/G*Toff |dG/G< ~|p|  Toft<| 1000 mk 4.7 uK
AEU Amp [dV] 7 , dG/G*Toff  |dG/G< ~_Ip| Toft< 1000 mk 0.0 uK
AEU Amp [dT] B dG/G*Toff  |dG/G< ID|  Toff<| “1000| mK 1.8 uk
RXB Phase Switch [dT] dG/G*Toff _ |dG/G< D| Toff<| 1000 mK 0.0 uKk
|RXB Phase Switch (Phase) [dl] dG/G*Toff | dG/G<| 2.E-0 ___|p| Toff<| 1000 mk 0.0 uK
RXB Phase Switch (Phase) [dT] dG/G*Toff  |dG/G<| 7. ~[D| Tofft<| 1000/ mK 0.1 uK
RXB Diode Detector [dT] ] dG/G*Toft  |dG/G< - | Tott<] 1000, mK TBD uK
RXB Line Driver [dT] dG/G*Toff  |dG/G<| 1. - D| Toff<| 1000] mK | 1.0 uK
TOTAL (rss of this section) T R i ' 5.2 ukK
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— Systems Engineering

Excerpt From Systematic Error Detailed Budgets:

‘Multiplicative Systematic Errors

|
\
|

(1/G)*(dG/dX)=Log gain- |Spin Sync (rms): DV| a=absolute phase

X(variable) coefficient (Vqltage), DI difference, ato b
(current), & DT side
(temperature); all
rms
dG/G=(1/G)*(dG/dV)*DV | <[6.6E-10 | nVA-1|N|DV<| 500.0/ nV|s |
dG/G=(1/G)*(dG/dV)*DV <|7.2E-10 | nVA-1|N|DV<| 400.0/nV|s |
dG/G=(1/G)*(dG/dT)*DT <|0.0E+00 |mKA-1|N|DT<| 0.5/mK|S| |
dG/G=(1/G)*(dG/d1)*DI <|8.0E-08 |nAA-1 P|DI<| 5.0/nA[S
dG/G=(1/G)*(dG/dV)*DV <|5.5E-10 | nVA-1[N|DV<| 500.0/nV|S
| dG/G=(1/G)*(dG/dV)*DV <|6.0E-10 | nVA-1 |N|DV<| 400.0 nV S |
dG/G=(1/G)*(dG/dT)*DT <|6.7E-06 |mKA-1|N|DT<| 0.5/mK|s
dG/G=(1/G)*(dG/dV)*DV <|0.0E+00 [mVA-1]G|DV<| 0.18/mV|G
dG/G=(1/G)*(dG/dT)*DT </5.0E-07 |mKA-1/S|DT<|  3.6/mK S
 dG/G=(1/G)*(dG/dT)*DT <|1.0E-08 |mKA-1|P|DT<| 0.5/mK|S A
. dG/G=sin(a)(da/dl)*DI_| da/dI<[1.0E-05 |nAA-1|P|Di<| 1.0/nA|S|a< 0.17 rad P
_dG/G=sin(a)(da/dT)*DT |da/dT<|8.7E-04 |mKA-1|P|DT<|  0.5/mK|S|a<|0.17| rad P
dG/G=(1/G)*(dG/dT)*DT <|TBD mKA-1| P|DT<| 0.5/mK|s L
|dG/G=(1/G)*(dG/dT)"DT <|2.0E:06 [mKA-1/SIDT<| 0.5 mK|S| |,

SE-73
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— Systems Engineering

Excerpt From Systematic Error Detailed Budgets:

Offset Estimate

DA Radiometric Offset Estimate j

Parameter Definitions | dT=Ta-Tb E=average emissivity T=average Temp

B B=2*(Ea-Eb)/(Ea+Eb)

Reflector (Pri. & Sec.) Temp Imbalance dT’E | dT<[5000 | mK |D E<[0.0005 | s| na. 5 mK
Reflector (Pri. & Sec.) Emissivity Imbalance BET | B<020 | [P E<[0.0005 | S| T</65000 mK.D 13 mK
Feed Temp Imbalance ) dT*'E | _dT<[3000 | mK |D| E<0.007 s na. 21 mK
Feed Emissivity Imbalance B'E'T B<[0.03 __|P| " E<lo.007 S| T</95000 mK S| 20 mK
OMT Temp Imbalance - dT'E_ | dT<[2000 | mK |[D|  E<|0.008 s na. | 16 mK
OMT Emissivity Imbalance _ B*E*T B</0.03 —|P|__ E<[o.008" S| T</95000 [mK S 23 mK
Waveguide Offset Est. (0.1" length difference; ) ] 1 95000 |mK S 95 mK
6" max length; 95K; 1% temp balance: 0.6 :

K/inch; Lyman Page Estimate)

(Waveguide to Hybrid Tee Temp Imbalance) | dﬂ'I:;EW B dT<[TBD | E< IEQ o n.a. > ‘ mK
(Waveguide to Hybrid Tee Emiss. Imbalance) B'E'T | BTBD | | <D | T</95000 mK § mK
Hybrid Tee Temp Imbalance dT'E_ dT<[500 bl E<lo.os | P na. 25 mK
Hybrid Tee Emissivity Imbalance B'E'T B</0.03 [Pl . T E<j0.05 |P| T</95000 mK S| 143 mK
TOTAL (rss of the above) B i 178 mK
Used in Systematic Error Budgets: - +-=t i b ; ‘» 1000 mK

E-74
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— Systems Engineering

Excerpt From Systematic Error Detailed Budgets:

Additive Systematic Errors

. D=Derived, P=Princeton, N=NRAO, G=GSFC, S=Specification
#1) Spin Synchronous Temperature 4 At t-spin !
Fluctuation Effects (in the TRS/FPA) “ :
Parameter Definitions E=average emissivity dT=(Ta+Tb)/2 RMS DT=Ta-| B=2'(Ea; !
Tb RMS Eb)/(Ea+Eb) |

Primary and Secondary Reflectors: Common 2*E*B*dT E<|5E-04 S dT<|10 mK |D|  B<l0.2 ‘ ' P 2.0 ukK
Mode dT RMS on fixed emmisivity difference i |
ﬁnﬁary and Secondary Reflectors: Differential 2*E*DT E<|5E-04 sl DT<l2 mK | D ! ! 2.0 uK
DT RMS on Emissivity i !
Feeds: Common Mode E*B*dT E<|0.007 s dT<[2.2 | mK |D| B<f0.03 | |p 0.5 uK
Feeds: Differential E'DT E<[0.007 s DT<[0.13 mK |[D| [ 0.9 uK
OMTs: Common Mode i E*B*dT E</0.008 | s dT<|2 mK |D| B<l0.03 | [P 0.5 uK
OMTs: Differential E'DT | E<|0.008 18| Dt<|o.13 mK |D| o 1.0'uK
| Waveguide to Hybrid Tee Common Mode E'B*dT__ E<|0.05 ____|P| . dT<[0.67 | 'mK |D| B<0.03 | Pl 10uK
Waveguide to Hybrid Tee Differential _EDT 1 E< 0.05 | P} . DT<|0.04 | mK D 2.0 uK
Hybrid Tees: Common Mode E*B*dT E<|[0.05 P "dT</0.67 | mK |D| B<0.03 |, p 1.0 uK
Hybrid Tees: Differential E*DT P DT<[0.04 | mk |D b 2.0 uK
TOTAL (rss of this section) i ) R e i 4.5 uK
#2) Spin Synchronous Additive Electronics
effects
Parameter Definitions [ G=K (observed) to V Trankf. | § ge |DT or DV (rms) fluct.

Function at V/F Counter Inp. at t-spin
|AEU post-demod. electronic offset [dT] G*(dV/dT)'DT | G= [5.9 [ uK/uv |s| a\ G| DT<| 0.004 | K |s 1.2 uK
AEU post-demod. electronic offset [dV] G*(dV/DV)*DV | G= |5.9 uk/uv |s G| DV<| 2E-04 | V G| 0.0 uK
TOTAL (rss of this section) N L ) P 1.2 uK
#3) Spin Synchronous Sidelobe Pickup i
effects !
Sn - T 'P| 0.001 uk
Earth ,,,v ,, 777 i T . Pl 0.002 uKk
(Uncorrected Galaxy; worst case K-band T - - G| (80) uk
Shaped Optics)
Corrected G .TBR) | D e i ) G| 4.0 K
Moon ) N ‘ ‘ ‘Pl 0.001 uK
TOTAL (rss of this section) i B ) 4.0 uK
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—— Systems Enaineering

MAP's SENSITIVITY ERROR BUDGET OVERVIEW

GOMPOSITE MAP SENSITIVITY*
(@ 0.3 deg x 0.3 deg pixels; 24 months
of observing; (uK); 1c)

Requirement: 20.0

Estimate Rollup: 19.9
L 40 GHz Map Sensitivity 60 GHz Map Sensitivity 90 GHz Map Sensitivity
LEstimate Rollup (uK): 28.8 » Estimate Rollup (uK): 36.8 Estimate Rollup (uK): 37.2
* Instrument Sensitivity * Instrument Sensitivity * Instrument Sensitivity
(uK): 27.3 (uK): 34.9 (uK): 35.3
» Impact of 10% Data e Impact of 10% Data * Impact of 10% Data
Loss (multiplier): 1.054 Loss (multiplier): 1.054 Loss (multiplier): 1.054

* Major sensitivity-driven S/C requirements are to provide <95 K at the HEMTs, and 24 month mission life with <10% data loss.
* Of MAP's 5 bands, assume that only the 3 highest frequencies are combined in the final map (lowest 2 used for Galactic foreground removal only )
* Combining three maps improves the sensitivity by sqrt(3) (because the integration time increases by a factor of three)

MAPConfirmation Review Instr-Sys  Page 17 Rev-6;CEJ;6/17-19/!
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— Systems Engineering

MAP's Temperature Sensitivity per Band (uK; 1 sigma)

Parameter 22 GHz 30 GHz 40 GHz 60 GHz 90 GHz |
Sky , 2.7 2.7 2.6 2.5 2.3
Reflector 0.05 0.05 0.06 | 0.08 | 0.1
Feed ' 0.5 05 | 05 | 1 1 15
oMT ) ] 2.3 23 | 23 | 4 6
Cold Magic Tee 3 3 4 | 4 5
First Cold HEMT Amp at 95 K 20 30 50 80 130
System Noise Temp (K) (Tsys; sum of the above; 29 39 59 92 145
applies to each channel in a band)
Adjustment for sqrt(2) noise increase due to 1.4 1.4 1.4 | 1.4 1.4
high-pass filtering (RF total power bias y
discarded); ADJ1
Adjustment for sqrt(2) noise increase (due to | 1.4 | 1.4 | 1.4 1.4 1.4
combining the noise from the A and B sides into

one differential observation; ADJ2

Effective Bandwidth (BWy; GHz) 14 |l 5 8 13 I 19
Number of Channels (Nch) ] o 4 4 8 8 16
Integration time accumulated per channel after 160 | 160 160 160 | 160
two years (for 0.3 deg x 0.3 deg pixels; Tau i

(secs))

Conversion to Thermodynamic Temperature 1.01 1.03 | 1.04 1.1 i 1.2
(Alpha)

Adjustment for sqrt(2) noise reduction during 1.4 1.4 | 1.4 1.4
the conversion of differential observations to
relative A and B values during the map making
process; ADJ2'

1.4

i
{
|
i

Estimated temperature sensitivity per band for 25.5 31.4 27.3 34.9 35.3
0.3 deg x 0.3 deg pixels after two years (uK;1
sigma)

Temperature Sensitivity = (Alpha * Tsys * ADJ1*(ADJ2/ADJ2')/ SQRT(BW,; * Nch * Tau)

~~. |MAP Confirmation Review ~=nstr-Sys Page 18 Rev-6;CEJ;6/17-19/97
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— Systems Engineering

MAP's DATA LOSS ERROR BUDGET

AO-Allowed Mission

Corresponding Loss of Data

~4 days of data per yr.

~ 2 déglwo'f data per yr.

37.5 min of data/day (downlink
to 70m dish)

~2 day of data per yr.

|~ 8 days of data per yr.

1 day of data per yr.
1 day of data per yr.
2 day of data per yr.

Data Loss Over 2 10% Sources of Data Loss Allocation
Years at L2*
B Station keeping and 1.10%
Momentum Mgmt.
On-board Data 0.55%
Transmission/Storage
‘ Downlink Transmissions | 2.60%
Corrupting Simultaneous
Science Observations
' - Other Systematic Error Science | 0.55%
Data Contamination :
N n Safehold Entries (SEUs, | 1.64%
Failures, etc) ;
B i Ground Station Ogta__g_es - | 0 2?3/; 1~
- Downlink BER Losses O 27% -
B Ground Handlmg Losses . 0. 55% |~
3 ) Unallocated Contingency | 2.46%
N Total 10.00%

* A 10% loss reduces
MAP's sensitivity per
band by [(1/sqrt

MAP Confirmation Review

(90°/o))-1] , or ~5.4%

Note: Undetected data corruptlon is |
not considered credible given RS
code and CRC in the data.

Instr-Sys Page 19
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— Systems Engineering

Steady-State

Steady State

i Sensitivity-Driven
Component Bulk
K
FPA Components <95

Spin-Synchronous Stability (rms)

Systematic Error Driven
(Gain Variations)

Component Common Mode
mK (rms)
AEU/DEU 3.6
PDU 3.6
FPA Amps 0.5
RXB Electronics 0.5

MAPConfirmation Review

MAP's DERIVED ABSOLUTE TEMPERATURE REQUIREMENTS

- The Temperature Requirements in this Table are Derived Directly from the
Sensitivity and Systematic Error Budgets Previously Shown

Spin-Synchronous

™~

Instr-Sys Page 20

Steady State
Offset-Driven
Component Bulk dT
K K
Primary Reflectors <65 5
Secondary Reflectors <65 5
Feeds <95 3
OMTs <95 2
Cross-Coupling Waveguide [<95] [<0.7]
Hybrid Tees <95 0.5
Spin-Synchronous Stabilty (rms)
Systematic Error Driven
(Self-Emission Variations)
Component Common Mode Differential
mK (rms) mK (rms)
Primary Reflectors 10 2
Secondary Reflectors 10 2
Feeds 22 0.13
OMTs 2 0.13
Cross-Coupling Waveguide [0.7] [0.04]
Hybrid Tees 0.7 0.04

Rev-5;CEJ;6/17-19/97
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““ Spatial Resolution Overview

— Systems Engineering

* Driven by W-band (MAP’s shortest wavelength, 3.2 mm)

* Requirement: Achieve Spatial Resolution better than 0.3 degrees FWHM
(i.e. 7.6 arc-min rms, per axis)

* Budget: Estimates Allocations
— Instantaneous Beam Size 5.1 6.7
— Beam Pointing Knowledge 0.9 1.8
— Azimuthal Beam Smearing 24 3.0
— Total(rss) 5.7 7.6

— Margin (rss) 5.0
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ineering

— Systems Eng

j MAP's ON-ORBIT ABSOLUTE SPATIAL RESOLUTION ERROR BUDGET

Previous :
Values (All values are arc-min and 1 sigma unless otherwise indicated)
v The spatial resolution of the highest frequency band Requirement (arc- 7.6
si*1!l be 0.3 deg (FWHM) or better ... Equivalent to 18 min;1 sigma)
arc-min (FWHM), or 7.7 arc-min (1 sigma)
B 4 ) __Allocation Rollup: | 7.6
Estimate rollup w/ no 5.2
S e ___ beam smearing: |
5.5 |(Equivalent to 0.224 degrees FWHM) Estimate rollup: 5.7
T8D Error Source #1: Instantaneous Beam Size (Absolute) Allocation: 6.7
(Equivalent to 0.20 degrees FWHM) Estimate rollup: 5.1
Ideal Beam Size Design Parameters
4.85 |YRS Analysis of Flight Reflector and Feed Designs 5.11 ]
Beam Size Uncertainties (rss with above)
Reflector Fabrication (upper limit: 2% of beam) 0.1 -
Feed Fabrication (upper limit: 5% of beam) . 0.3
Reflector/Feed Misalignments (based on STOP 0.5
0.5 [sensitivities and TRS/FPA alignment tolerances, the
latest estimate for this error source is 0.1 arc-min)
Error Source #2: Beam Pointing (Knowledge) Allocation: ! 1.8
| Estimate rollup: 0.9 (
Pointing Knowledge Uncertainties (rss)
Instrument FOV (Beam) Boresighting relative to the ACS 0.1
Star Tracker (using Jupiter data after one year)
Instrument/Star-Tracker Relative Pointing Stability 0.5
[corresponds to +/- 25 K bulk temperature change}
ACS Pointing Knowledge (3-axis rss; downlink ; 1.3 ﬂ
quaternions at one Hz; divide by sqrt(3) before rssing !
with other per-axis error sources)
Error due to interpolating to determine pointing of <4
0.3 |individually time-tagged observations (Error already 0
included in ACS Pointing Knowledge)
0.15 Instrument Internal Observation Time Tag Relative 0.16 !
N Accuracy (@1 ms)
0.15 ACS Internal Time Tag Relative Accuracy (@1 ms; already! 0
. included in ACS Pointing Knowledge) ;
Relative Accuracy between S/C time as acquired by the A 0.16
0.15 ACS and Instrument via their RSN's (@1 ms)
TBD . |Error Source #3: Azimuthal Beam Smearing Allocation: 3.0
Estimate rollup: 2.4
23 Azimuthal Integrate/Dump Beam Smearing (due to : 2.4 A!‘p
) Observatory scanning motion) i
MAP Confir Instr-Sys Page 22 Rev-8;LP/CEJ;6/17-19/97
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— Systems Engineering

(ABSOLUTE; degrees; 1 sigma)

MAP's On-Orbit Absolute Pointing Accuracy
Requirements/Budgets

errors relative to the spin plane to retain full sky coverage and
avoid pointing the central lines-of-sight closer to the sun than
planned.

Azimuth: No tight pointing-driven requirements; the azimuthal Allocation: 180 +/- 2
angle between the A and B side central lines-of-sight shall be
large to preserve large angular scale information.

.| Estimated: | 180 +/- 0.1
Elevation: Limit the A and B side central line-of-sight elevation Allocation: 0.6

|Estimated (rollup):|  0.59

Error in the desired elevations of the A or B side central lines-
of-sight relative to the S/C-Instrument interface plane:

axis of the S/C coordinate system (the ideal spiqﬁg)q_s?)m;w 7
Tilts between the actual spin axis and the ideal spin axis
precessing on the ideal 22.5 degree half-cone:

Tilts of the S/C-Instrument interface plane relative to the z- |

0.5

0.2

0.25

MAP Confirmation Review Instr-Sys Page 23
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— Systems Engineering

Electrical Systems
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— Systems Engineering
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PRINCETON RESPONSIBILITIES

Instrument Overviews

» Differencing Assemblies

e Feeds

* Optical Specifications

e Optical Testing

e Education & Public Outreach Coordination
e [&T Support at GSFC

» Data Analysis/Science
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GSFC, PRINCETON, NRAO

RELATIONSHIP
Instrument Overviews
GSFC
"4
/
/
Princeton T T T T NRAO
- >
- > -«— — — — — >

Technica.l Deliveries Contracts
Information
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“PRINCETON” MAP TEAM

Instrument Overviews

Physicists:

David Wilkinson

Lyman Page

Norm Jarosik

David Spergel

Michele Limon

Greg Tucker (Brown U.)

Mark Halpern (UBS)
Engineer: |

Dick Bitzer

Mechanical Engineer:
Ted Griffith

Confirmation Review 17 - 19 June 1997

Technicians:

Glenn Atkinson (mech)

~ 3-man shop (mech)

Charlie Sule (elect)
Bob Sorenson (elect)
HEP Technicians (elect)

Business Management:

Susan Dawson
David Etherton
Gary Chehams



NRAO MAP TEAM

Instrument Overviews

Engineers: Technicians:
Marian Pospieszalski | Bill Lakatosh
Ed Wollack Bill Wireman
Skip Thacker Ron Harris
Nancyjane Bailey Tod Boyd

| . ] Francoise Johnson
Mechanical Designer

Greg Morris
Management: Machinisits:
John Webber Matt Dillion
Cathy Burgess Tony Marshall

Jim Desmond
Kathy Whitcomb
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Instrument Overviews

CORRELATION RECEIVER DESIGN

Feeds Cold
amplifiers
A (25 dB)

OMT

Stainless, steel
Tee waveguidles

l
OMT \,\

__>
War

|
-
Cold |
|

Confirmation Review 17 - 19 June 1997
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Warm
amplifiers
(40 dB)

Phase
switches
(2500 Hz)

Detectors Line
drivers

AEU

\

Bandpass Filters

1/2
Differencing
Assembly



WHY A CORRELATION
RADIOMETER?

Instrument Overviews

Science Drivers

* Re-measure large-scale anisotropy with good accuracy
* Minimize problems with baseline drift.

Technical Drivers

* Need “Dicke” switching to minimize effects of 1/f gain
fluctuations in HEMT amplifiers. (1/f works on system
- temperature in total power radiometer; in a correlation
radiometer it works on the offset temperature, 100 times smaller.)

* Correlation technique avoids active components in sensitive
areas of the radiometer. Front-end emission is small and stable

Trade-off

* More total failure modes than in 2 independent total power
radiometers
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STATUS OF RADIOMETER
BUILD

Instrument Overviews

* Q- and W-band prototype radiometers are operating in
thermal/vacuum test chambers. Norm Jarosik will
report. Overall performance is as expected from the
correlation design.

* All flight parts for Q #1 are ordered. Assembly will
begin with flight amplifier delivery. Q #1 will be
delivered to GSFC 4.50 months later, or before.

* Current schedule driver is the Cu/SS waveguide.
 HEMT amplifier deliveries are a concern.

* Working closely with GSFC on mechanical and
electrical interfaces.
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Microwave Optics

MAP Confirmation Review

L. PAGE
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OPTICS DESIGN - OVERVIEW

Microwave Optics

* Require differential system because of 1/f fluctuations in HEMT
Amplifiers and Instrument

* To identify foreground emission (non-CMB), require broad
spectral coverage with roughly equal sensitivity per frequency
band. Have 5 frequency bands and 10 feeds per side

* Detect in two orthogonal polarizations

* Design for 0.5° resolution in Q band (40 GHz)
0.2° resolution in W band (90 GHz)

* Optics must fit inside 108” (2.4m) diam. shroud
* Bases of feeds must be near each other

* Require very low sidelobe pickup to minimize signal from Sun,
Earth, Man, and Galaxy
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Microwave Optics

BASIC OPTICAL DESIGN

* Use shaped reflectors in Gregorian geometry with
corrugated feeds

K Ka Q \ \i
f(GHz) 20-25 28-37 35-46 53-69 82-106

#FEEDS/SIDE 1 1 2 2 4

EDGE -3 200 21 21 -20
TAPER(dB)

RESOLUTION 1.1° 0.65° 0.53° 0.31° 0.22°
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DESIGN PATH

Microwave Optics

* *YRS Associates and L. Page analyzed dozens of
configurations including Cassegrain configuration, pure
conic Gregorian, Abbe-sine shaping, aperture shaping

* YRS and YRS code used for final optical design
(Code has been used on TDRSS & DSN)

* YRS & YRS code to design feeds
* YRS code to compute beam shapes and main sidelobes

* Use IDL code to analyze beams and geometry
* DESIGN OF OPTICS IS DONE

*YRS Associates: Vic Galindo, Bill Imbriale and Yahya Rahmat-Samii
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AW VERIFICATION OF YRS CODE FOR
OVERALL SYSTEM

Microwave Optics

* With conic design, use same feed pattern in aperture

integration code and recover same pointing and beam
width

0x(Az) 8(El) BEAM
YRS 2.1 2.7 ~0.9°
Al 2° -2.5 ~0.9°

* a) Constrain YRS “Shaping Code” to produce conic
design with unknown parameters b) Fit parameters c)
Feed into Code V with Cathy Marx at GSFC (Code V
cannot do diffraction) d) Compare pointing to YRS
output

* Code considered verified to reasonable level
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Gain (dB)

K—=BAND BEAM PROFILE

O r ]
F On axis response, verticq! cut, phi = 0, RCP ]
[ Thick: Pattern from osal ]
—10F FWHM = .92 deg .
[ ET — -28.8 dB, G = 46.JdB (not final values) 1
—20F ]
—-30F .
— 40 F .
_50 - 1 | i A /I\I | I
—-10 5

Degrees off OA

10



MAIN BEAM ANALYSIS

Microwave Optics

~* Track -3, -6, -15, -20 dB beam widths in two
dimensions. Track integral over beam, beam efficiency,
gain, polarization, and window function

* Track current density on main and sub for edge taper
and positioning
* Track 3-D geometry to make sure system fits togther in
regards to:
* Position of waveguide

. Shadéwing of feeds
* TRS structure
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h3p0q35.spw

dadra.dat

NDXM =

mainoff_u10.dat

96 NDXS =

2
>
<C
o
>_
XP AXIS
Beam Slices
60 T T T T
Max gain = 48.523 dB
X Res = 0.025, Y 0.025 deg
40 [Polarization angl 993 deg |
Polarization 0900 deg
m 20 1
O
=
£
8 o0 \
o
-20 4
_40 Ly 1 1 1
-4 =3 -2 -1 6}
Degrees
0. —3dB -6dB -15dB -20dB
X Beam—1.825 0.544 0.765 1.182 1.346
% Asym 4.220 5.619 8.373 9.026
Y Beam 1.775 0.464 0.648 0.994 1.144
% Asym —4.352 —4.890 -7.827 —10.002
X/Y Asym 15.888 16.585 17.297 16.260
(XS,YS,ZS) = 0.00000 114.40212 0.00000
(AS,BS,GS) = 0.00000 -19.92000 0.00000

35. GHz

acontr.dat

218

%)
=
o
>
XP AXIS
Window
1.00 . ' N
W_1/2 for x = 205.92
W,_1/2 fory = 24154
0.10F :
0.01 1. . \ .

1000 1500

!

Beam max ot (THTBPD,PHIBPD): ( 2.54s, 135.796)
Integral over contour plot = 0.4943

Integral above gain—20 dB = 0.4837

Integrol obove gain—40 dB = 0.4937

Beam efficiency 2.5 gmFWHM = 0.4935

Min at 2.5 =-20.24 dB, Max ot 2.5 = 15.11 dB
(XF,YF,ZF) = —7.20000 8.80000 7.00000
(AF,BF,GF) =  44,00000 18.00000 265.67001



XP AXIS
+/— 45 deg Beam Slices

60 T T T T
Max gain = 51.515 dB

Plot resolution =

40

[+ slope black,

20

Gain (dB)

_20 .

-5 -4 -3 -2 -1 0
Degrees

6. —-3dB -6dB —15d8 -20dB
+ Beam—1.825 0532 0.747 1.148 1.298

7% Asym —0.059 0.245 -0.106 =-0.895
— Beam 1.775 0.472 0.661 1.034 1.362
% Asym 5.372 5.856 7.541 -3.654

+/— Asym 11.956 12.242 10.411 -4.776

Polarization Contour

=45 (/)
0

-4 -3 -2 - 0
XP AXIS

Beam max ot (ELBPD,AZBPD): ( 17.716, -1.915)
Integral over contour plot = 0.9871
Beam efficiency 2.5 gmFWHM = 0.9856



h3p0q35.spw

daodra.dat
(XS,Y8,28) =
(AS,BS,GS) =

YRS COORDINATE YM (cm)

YRS COORDINATE YM (cm)

35. GHz

" file39.dat

(XF,YF,ZF) =
(AF BF,GF) =

mainoff_u10.dat

0.00000 114.40212 0.00000

0.00000 -19.92000  0.00000
NDXM = 96 NDXS =

MAG2 Jz (dB) ON MAIN REFLECTOR

- Max clrrent = '—98.2 dB'
MAX coord (X,Y) —10.7 -3.4 cm
Edge taper for 5.5 dB
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50 b
F130.3 dB —90.3 dB
100 1 L 1
100 50 0 -50 =100

MAG® JT (dB) ON MAIN REFLECTOR
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Edge taper f
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18.5 dB

! L !

dB

100

50 [¢] -50
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-60

{
EN
o

T

|
N
o

T

|
N
o

|
N
o

T

N
o
T

—7.20000
44.00000

8.80000 7.00000
18.00000 265.67001

218

MAG® Jz (dB) ON SUBREFLECTOR

" Mox currenl = 7.7dB" T B
MAX c\;ord (X, Y) 7.B -3.4 cm
ok ]
20 ]
40 g
-117.4 dB —77.4 dB
60 . . . . . L
-60 —-40 -20 0O 20 40 60

YRS COORDINATE XS (cm)

MAG2 JT (dB) ON SUBREFLECTOR

—60 " Mox Eurfent "= TL77 X gET T ]
MAX coord ) 64 -49cm
Edge taper = 8 dB
ok J
40} ]
—-117.4 dB8
600, ., ., . ) . . ]

-60 -40 -20 0

YRS COORDINATE

20 40
XS (cm)



h3p0q35.spw mainoff_u10.dat 35. GHz

dodra.dat " file39.dat
(XS,¥S,28) = 0.00000 114.40212 * 0.00000 (XFYF,ZF) =  -7.20000 8.80000  7.00000
(AS,BS,6S) = 0.00000 —19.92000  0.00000 (AFBF,GF) =  44.00000 18.00000 265.67001
NDXM = 96 NDXS = 218
MAG? Jz (dB) ON MAIN REFLECTOR MAG? Jz (dB) ON SUBREFLECTOR
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MAX coord (X,Y) —8.3 2.4 cm 6 r MAX coord (X,Y) 6.4 —4.9 cm
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) STRUCTURAL THERMAL OPTICAL
PERFORMANCE ANALYSIS (STOP)

Microwave Optics

Select parameters to describe optical performance:
Pointing: Elevation and Azimuth
Beam width: Full width half max. (FWHM)

Determine the variations (degradation) in performance as each
component (primary, secondary, and feed) is independently
translated or rotated a unit displacement as a rigid body.  This is
called the sensitivity matrix.

Calculate expected displacements of the optical components.

Primary mirror: TRS Spec max. allowable
Secondary Mirror: TRS spec max. allowable
Feed Horn: Calculated worst case estimate

Scale the sensitivity numbers obtained for a unit displacement
according to the expected displacement and superpose values for all
degrees of freedom to obtain the final performance.
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Microwave Optics

SENSITIVITY TO RIGID-BODY
DISPLACEMENTS

Wplical Sensitivity of Perfromance to Independent Rigid Body Displacements
Components
Unit Elevation Azimuth Window_y | Polarization Gain FWHMXx FWHMy FW15dBx | FW15dBy
DOF Displacement (deg) (deg) (deg) (dBi) (deg) (deg) (deg) (deg)
(in. or deg.) +/- 0.005 +/-0.011 +/- 0.005 +/-0.0005 | +/-0.0005 | +/-0.0005 | +/-0.0005 | +/- 0.0005
Primary A X (in) 0.015 0.000 0.021 0.21 0.008 0.003 0.000 0.000 0.000 0.000
Ay (in) 0.015 0.010 0.000 0.31 0.001 0.012 0.001 0.000 0.001 0.000
Az (in) 0.015 0.010 0.000 0.29 0.001 0.005 0.000 0.000 0.000 | 0.000
9 x (deg) 0.04 0.080 0.000 0.95 0.002 0.006 0.001 0.000 0.001 0.000
8y (deg) 0.04 0.000 0.035 1.09 0.030 0.004 0.000 0.000 0.000 0.001
6z (dev 0.04 0.000 0.008 0.55 0.025 0.010 0.000 0.001 0.000 0.001
Secondary| _ax(in) 0.015 0.000 0.021 1.02 0.041 0.012 0.000 0.000 0.001 0.001
Ay (in) 0.015 0.010 0.000 1.04 0.002 0.018 0.001 0.000 0.002 0.000
Az (in) 0.015 0.020 0.000 0.28 0.005 0.008 0.000 0.000 0.000 0.001
9 x (deg) 0.04 0.020 0.000 0.89 0.002 0.017 0.000 0.001 0.001 0.002
8y (deg) 0.04 I 0.000 0.000 1.00 0.010 0.004 0.000 0.000 0.001 0.001
6z (deg) 0.04 JL 0.000 0.021 0.29 0.026 0.008 0.000 0.000 0.000 0.000
Feed Horn| _Ax(in) 0.015 0.000 0.011 0.23 0.030 0.003 0.000 0.000 0.000 0.000
Ay (in) - 0.015 0.000 0.000 0.69 0.002 0.011 0.000 0.001 0.000 0.001
A z (in) 0.015 0.010 0.000 0.30 0.004 0.005 0.000 0.000 0.000 0.000
8 x (deg) 0.04 0.000 0.000 0.03 0.004 0.001 0.000 0.000 0.000 0.000
8y (deg) 0.04 0.000 0.000 0.03 0.039 0.000 0.000 0.000 0.000 0.000
8z (deg) 0.04 0.000 0.000 0.02 0.007 0.001 0.000 0.000 0.000 0.000
Perfromance Nominal Value ==> 20.069 -0.575 554.56 45.005 59.698 0.194 0.202 0.415 0.434
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OPTICAL PERFORMANCE
PREDICTION

Microwave Optics

Worst Case Displacement Set

OPTICAL UNITS|| NOMINAL PERFORMANCE LOSS
PARAMETERS VALUES ON GROUND AT L2

BUDGET|

POINTING - ELEVATION | (deg) 20.069 0.109 +/-0.104 0.104 0.5
POINTING - AZIMUTH (deg) 0.575 0.137 +/-0.100 0.100 2

BEAMWIDTH - FWHM X | (deg) 0.194 0.006 +/-0.004 0.004 0.02
BEAMWIDTH - FWHM 'Y | (deg) 0.202 0.013 +/-0.004 0.004 0.02

Notes:
- Performance predictions are for W-Band.

- For pointing, performance loss represents a plus or minus deviation from the nominal value.
- For<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>